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With the treatment of rheumatoid arthritis with adrenocorticotropic 
hormone (ACTH) and cortisone, reports of disappearing or dimin- 
ishing rheumatoid nodules have appeared in the literature, but no 
detailed histopathologic study has been published. In the Proceedings 
of the First Clinical ACTH Conference, McEwen’ stated that studies 
revealed no histologic changes in rheumatoid nodules during and after 
ACTH treatment, and Bauer* reported that no histologic changes 
occurred after cortisone treatment. Ragan, Grokoest, and Boots* could 
find no histologic alterations in a rheumatoid nodule which became 
smaller following treatment with ACTH except for a decreased num- 
ber of lymphocytes. Histopathologic reports of rheumatoid nodules of 
the sclera, the so-called scleromalacia perforans, treated with ACTH 
or cortisone are completely lacking. 

The occurrence of numerous rheumatoid nodules of the sclera in a 
patient with advanced rheumatoid arthritis offered the unique oppor- 


® tunity of removing such nodules at various intervals before and during 


the course of treatment with cortisone. It also was possible to study a 


™ scleral nodule, clinically 24 hours old, which appeared 32 days after 
™ treatment was stopped. In addition, one-half of a subcutaneous nodule 


of the elbow was removed from the same patient prior to treatment and 


B the other half following cessation of treatment. The patient subse- 
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For brevity, rheumatoid nodules are referred to as treated or untreated depending 
Upon whether the patient had received cortisone prior to their removal.—Editor. 
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quently died, and the recurrent scleral nodules and the visceral rheuma- 
toid nodules at the time of death were available for study. 

It is the purpose of this paper to present histologic details which it is 
believed are part of the involutional process due to treatment with 
cortisone and which appear pari passu with the clinical disappearance 
or diminution of rheumatoid nodules. Also, a comparison of these 
changes with those appearing during the spontaneous involution of 
rheumatoid nodules will be presented. . 

A clinical report of this case has been published by Talkov et al.‘ 


CLINICAL NOTE 


A white male, 61 years old, was admitted to the Cushing Veterans Administra- 
tion Hospital on January 3, 1950, complaining of redness and pain in the right 
eye for the previous 2 months. Multiple scleral nodules had been present in the 
right eye for 1 month. Seven years previously he had noted redness and pain in 
the left eye with complete blindness after 2 years of gradual impairment of vision. 
Severe rheumatoid arthritis had been present for 9 years with symmetric involve- 
ment of multiple peripheral joints and marked constitutional symptoms. Complete 
disability had occurred within 4 years. Physical examination on admission revealed 
slight injection and edema of the palpebral conjunctiva of the right eye. The bulbar 
conjunctiva was slightly atrophic, with dilatation of the superficial blood vessels 
especially marked near the limbal margin where the sclera was thin. Beneath the 
bulbar conjunctiva, eleven round, yellowish white, discrete nodules were distributed 
within the sclera. These nodules varied from 0.8 to 2.0 cm. in diameter and were 
compressible. slightly tender, and appeared singly except for two clusters of two 
and three nodules respectively. The eye was otherwise negative. In the left eye, 
the conjunctiva was normal, but the sclera was extremely thin and in many areas 
the choroid could be seen. The cornea was almost completely opaque with super- 
ficial vascularization extending from the limbus. Vision was absent. Multiple 
symmetric, peripheral -joint deformities were associated with subluxation, effusion, 
and muscular atrophy. A firm, biscuit-shaped. subcutaneous nodule, 0.4 cm. in 
diameter, was present in the right olecranon region. Advanced destructive changes 
of various articulations were seen radiographically. 

During the first 2 months of hospitalization, the injection of the conjunctiva 
of the right eye remained unchanged. Some of the nodules fluctuated slightly in 
size but, in general, all became progressively larger and none disappeared. The 
arthritis remained unchanged on conservative therapy. The subcutaneous nodule 
in the right olecranon region did not change in size. One scleral nodule was re- 
moved about 2 months, and one-half of the nodule in the right olecranon region 1 
week, before beginning of cortisone treatment. 

After 2 months of hospitalization, the patient was given 300 mg. of cortisone by 
injection on the first day of treatment and 200 mg. daily thereafter for 28 days. 
Beginning on the 29th day, the drug was withdrawn gradually during the next 10 
days. A total dosage of 6.6 gm. of cortisone was given in 39 days. The arthritis 
responded markedly to the therapy, with maximum objective improvement occur- 
ring on the 25th day of treatment. 

Within 24 hours after the first injection of cortisone, the patient noted less 
pain in the right eye and; within 48 hours, there was a slight reduction in the 
amount of injection. On the oth day after the first injection of cortisone. the patient 
experienced severe, intermittent, burning pain in the right eye lasting 48 hours, 
and the nodules of the sclera of the right eye began to decrease in size. The con- 
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junctival injection was minimal on the rsth day following the beginning of corti- 
sone therapy, and a bluish band of choroid became evident about the limbus. The 
rate of disappearance of the nodules was not related to their original size, some 
of the larger nodules being the first to disappear. Only three of the eleven original 
nodules remained on the 31st day, and two of these were approximately one-half 
their original size. The third was barely visible. 

A scleral nodule which had been 2.0 mm. in diameter prior to treatment and 
which had decreased to about half its size during treatment was removed on 
the 14th day after the first injection of cortisone. Another scleral nodule which 
had been 1.5 mm. in diameter and had decreased about go per cent in size was 
removed on the 24th day of treatment. On the 31st day of treatment, a scleral 
nodule was removed which had measured 1.8 mm. in diameter prior to treatment 
and was barely visible at the time of removal. The sites of excision healed without 
delay. 

The remaining half of the nodule in the right olecranon region had become 
slightly smaller during the period of treatment and was removed on the 31st 
day after the first injection of cortisone. 

On the 32nd day following cessation of treatment, a nodule appeared in the 
sclera of the right eye and was removed for study on the following day. Subse- 
quently, two scleral nodules appeared in the right eye on the goth day and single 
nodules on the 52nd and ssth days following cessation of treatment. 

A slight articular stiffness was felt by the patient during the first week after 
cessation of treatment, but there was no increase in joint symptoms thereafter. 
All effusions and some loss of motion recurred within 3 weeks. 

On May 28, 1950, 44 days after the cessation of cortisone treatment, the 
patient experienced epigastric pain. The pulse rate was rapid and irregular but 
became normal in 2 days. Pain in the left anterior region of the chest which was 
worse on deep breathing and on motion of the chest occurred on June 3, 1950. 
The temperature was 98.6°F. and the pulse, 84. On June 8, 1950, the patient 
became non-responsive with an axillary temperature of 109° to 110°F. and expired 
ss days after the cessation of treatment. 


Scleral Nodules of Right Eye 


Scleral nodules of the right eye which were removed were placed in 
Zenker’s solution. Multiple sections of each nodule were obtained so 
that both the peripheral and central portions were examined adequately. 
The specimens were fixed in Zenker’s solution and stained with hema- 
toxylin and eosin, Mallory’s aniline blue-orange G, Masson’s trichrome, 
phosphotungstic acid hematoxylin, and Verhoeff’s elastic tissue stains. 

Nodule 1. Nodule 1 was of 1 to 2 months’ duration. It was removed 
2 months prior to treatment. Portions of three foci of necrosis were 
present with similar characteristics. Just below the surface there was 
an oval focus of granular, acidophilic material containing nuclear 
débris. A zone of well oriented, palisaded cells arranged in several rows 
surrounded this necrotic center. These cells were predominantly mono- 
nuclear and possessed oval or elongated rod-shaped nuclei, often in- 
dented, infrequently multilobate. The cytoplasm of the palisaded cells 
was scanty to moderate, predominantly homogeneous. Vacuolization 
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of cytoplasm was very rare. A few multinucleated giant cells with 
abundant homogeneous acidophilic cytoplasm were found among the 
palisaded cells. With the Masson trichrome, phosphotungstic acid 
hematoxylin, and aniline blue-orange G stains, thick collagen bundles 
were found scattered among and parallel to the palisaded cells. These 
fibers were continuous with the collagen fibers in the connective tissue 
beyond the palisaded cells and entered the central focus of necrosis and 
gradually became necrotic. A few short elastic fibers among the pali- 
saded cells, arranged parallel to them, extended into the central focus 
of necrosis. These fibers evidently were remnants of the elastic fibers 
found in the connective tissue peripheral to the palisaded cells. Mod- 
erate numbers of lymphocytes, histiocytes, mast cells, eosinophils, and 
plasma cells were observed in the peripheral connective tissue. A rare 
vacuolated histiocyte also was seen in the region. In addition, dilated 
blood vessels were present in the peripheral connective tissue. 

Nodule 2. Nodule 2 was removed 14 days after the first injection of 
cortisone. Three foci of necrosis were found. All had similar features. 
A central focus of degeneration containing bundles of collagen fibers 
was observed surrounded by a zone of palisaded cells. Cystic degen- 
eration had occurred in a portion of this necrotic region. A striking 
feature was the presence within the palisaded layer of numerous giant 
cells containing multilobate nuclei and also multiple, vesicular, swollen 
nuclei, and moderately abundant cytoplasm. The number of these cells 
exceeded greatly the number of similar cells in the previous nodule. 
They were most abundant in the largest focus where they occupied a 
large portion of the circumference of the nodule. In all of the foci, they 
were most abundant where disorganization of the polarity of the pali- 
saded cells was observed. Many of these giant cells, which apparently 
had arisen from the fusion of the original elongated mononuclear pali- 
saded cells, had peripherally arranged nuclei, but some possessed nuclei 
irregularly arranged within the cytoplasm. Only a small portion of the 
circumferential palisaded cell zone was composed of well polarized elon- 
gated cells. Another feature common to all of the nodules, but most 
prominent in the largest nodule, was the vacuolization in the cells of 
the palisaded zone. Some of the palisaded cells containing oval, swollen, 
vesicular nuclei were spheroidal and had voluminous cytoplasm filled 
with predominantly fine vacuoles. A few large vacuoles also were seen. 
In addition, a few multinucleated giant cells were abundantly vacuo- 
lated, but most of the multinucleated giant cells possessed predomi- 
nantly homogeneous, non-vacuolated cytoplasm. A peripheral, focal 
arrangement of the vacuoles in the bulky cytoplasm of the giant cells 
was noted occasionally. This vacuolization was rare in the well polar- 
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ized mononuclear portion of the palisaded layer and most prominent 
where disorganization of the polarity of the palisaded layer was present. 
At times, vacuolated cytoplasmic masses were included within the 
necrotic débris at the junction of the palisaded cell layer and the necrotic 
region. An increase in the amount of collagen in the poorly polarized 
portion of the palisaded cell layer was observed in contrast to that 
in the preceding nodule. Thickened elastic fibers formed a border just 
external to the giant cells. In the connective tissue surrounding the 
nodule, scattered lymphocytes, plasma cells, and a few neutrophils were 
found beyond the palisaded cells. Eosinophils were infrequent. A few 
mast cells and rare vacuolated phagocytes were seen in the peripheral 
connective tissue. In general, the inflammatory exudate was greatly 
diminished as compared to that in the preceding specimen. 

Nodule 3. Nodule 3 was removed 24 days after the first injection of 
cortisone. A small cystic center was surrounded by a rather acellular, 
disorganized palisaded layer of cells which contained swollen fibroblasts 
with oval or elongated rod-shaped nuclei. Scattered but prominent giant 
cells with multilobate or multiple nuclei were noted. Vacuolization was 
much more prominent than in the preceding specimen but varied in 
different portions of the palisaded layer of cells. The vacuoles were 
small and fairly prominent in the mononuclear cells. In the giant cells, 
a striking peripheral vacuolization within the voluminous cytoplasm 
could be seen. Some of these vacuoles were large, most were small. 
Rounded vacuolated mononuclear cells resembling histiocytes were 
found in the palisaded layer of cells. A large portion of the nodule was 
undergoing fibrosis. No elastic fibers were seen in the nodule. At the 
periphery, very few lymphocytes were observed in the adjacent con- 
nective tissue, and no plasma cells or eosinophils were present. 

Nodule 4. Nodule 4 was removed on the 31st day after the first injec- 
tion of cortisone. The nodule appeared fibrotic and condensed. Scat- 
tered plump, elongated, and rounded fibroblasts, with oval nuclei, 
imbedded in dense collagen formed a slightly cellular focus as compared 
with the connective tissue about it. The cytoplasm of these cells was 
scanty and indistinct. No-necrosis was found. An infrequent vacuolated 
cell with a multilobate nucleus was seen among these fibroblasts. In the 
immediate vicinity, a few rounded vacuolated histiocytes and mast cells 
were noted. Adjacent dilated blood vessels were surrounded by a few 
lymphocytes. A few coarse elastic fibers were seen in the center of the 
nodule. 

Nodule 5. Nodule 5 appeared on the 32nd day after cessation of treat- 
ment and was excised 24 hours after its appearance. A central focus of 
necrosis was present filled with débris containing neutrophils, mono- 
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nuclear cells, necrotic collagen, a few delicate elastic fibrils, and fibrin. 
Elongated palisaded cells were arranged about the periphery of the ne- 
crotic focus, but the polarity was poor. The cytoplasm of the palisaded 
cells usually was scanty but some cells possessed moderate amounts of 
cytoplasm. The nuclei were predominantly oval, single, with indenta- 
tion and wrinkling occasionally present. A rare cell with a giant, swollen, 
multilobate nucleus was seen in the palisaded layer. A few lymphocytes 
and histiocytes were intermingled with the palisaded cells. Eosinophils, 
perivascular lymphocytes, and plasma cells were found in the periph- 
eral connective tissue. Blood vessels in the peripheral connective 
tissue were dilated but no increase in their number was observed. 


Nodule of Right Olecranon Region 


Half of the nodule was removed from the right olecranon area 1 
week prior to cortisone treatment. The fixation and staining were 
similar to those employed with the scleral nodules. 

There was abundant dense fibrous tissue in which collagen bundles 
often formed whorls about capillary loops. Within the fibrous tissue, 
scattered foci of necrosis were found surrounded by palisaded cells. 
The polarity of these palisaded cells was clearly evident in a few re- 
gions, but usually was poorly expressed. Some of the necrotic foci 
merged with the peripheral tissue in the absence of palisaded cells. 
The nuclei of the palisaded cells varied from oval to indented, being 
occasionally slightly multilobate. While the cells with multilobate 
nuclei were somewhat enlarged, true giant cell formation rarely was 
seen. The cytoplasm of all of the palisaded cells was scanty. Vacuol- 
ization was exceedingly frequent. A few elastic fibers were found in 
the fibrous tissue, and a rare elastic fiber was noted within the necrotic 
foci. Beyond the nodule, capillary proliferation with intimal swelling 
accompanied by marked narrowing of the lumina was seen. A few 
perivascular lymphocytes, plasma cells, and rare vacuolated phago- 
cytes were noted in the same region. 

The remaining half of the nodule was removed from the right ole- 
cranon area 31 days after the beginning of cortisone treatment. This 
portion was composed of dense, acellular fibrous tissue similar to that 
in the non-treated half of the nodule, but no foci of necrosis were seen. 
In the center a cyst was found containing eosinophilic débris in which 
cholesterol crystal clefts were observed. In one region of the cyst, a 
mass of eosinophilic débris merged with the fibrous wall. Large cells 
with abundant cytoplasm were found in the wall of the cyst close to 
the edge containing swollen hyperchromatic nuclei, which. varied in 
type from oval to multilobate with some multiple nuclei visible. Small 


INVOLUTION OF RHEUMATOID NODULES 931 


and large vacuoles and occasionally brown pigment granules were 
found within the cytoplasm of these cells. In the vicinity of these 
vacuolated cells, within the fibrous tissue, cholesterol crystal clefts 
were present. Elastic fibers were rare within the fibrous tissue of the 
nodule. Fibrosis of fat and capillary proliferation were seen at the 
periphery of the nodule. At the extreme edge of the section, a small 
focus of foreign body reaction was observed containing vacuolated 
and pigmented phagocytes about suture material. A few perivascular 
lymphocytes were seen in the fibro-fatty tissue about the nodule. 


Necropsy 
Gross Examination 


The necropsy disclosed extensive deformities of the right foot and 
the fingers of both hands. The wrists, elbows, shoulders, and knees 
were swollen, the knees markedly so. On opening the right knee, a 
marked distention of the joint cavity extending up to mid-thigh was 
seen. This cavity was filled with 200 cc. of yellow, grumous fluid. The 
cartilaginous surfaces were thin and eroded. The capsule was lined 
by ragged, soft, yellow, granular material. In the right eye, four pink- 
ish gray, slightly elevated nodules, measuring 2 to 3 mm. in diameter, 
were found in the superior portion of the sclera. The conjunctiva was 
slightly injected. The cornea was negative. The iris was negative; 
the pupil was round, 3 mm. in diameter. The cornea of the left eye 
was irregularly clouded, and the sclera was thin and free of nodules. 
The pupil could not be seen. The anterior half of each eye was re- 
moved. Large encapsulated collections of thick, gray fluid were found 
in the left and right pleuro-pericardial regions in cavities measuring up 
to 15 cm. in diameter. Abundant fibrous tissue about these collections 
of fluid had caused extensive adhesions between the visceral and medi- 
astinal pleura and between the visceral pleura and the pericardium. 
Extensive adhesions had occurred also between the parietal peri- 
cardium and the epicardium at the base of the heart in the vicinity of 
numerous firm, white, subepicardial nodules which measured up to 1 
cm. in diameter. Many of these nodules were found along the coro- 
nary arteries. The heart with attached pericardium weighed 500 gm. 
The myocardium throughout was moderately firm and pale brownish 
red, with numerous mottled and streaked dark red, hemorrhagic foci 
up to 1 cm. in diameter. There was a slight coalescence and thickening 
of the cusps of the aortic valve at the commissures. The aortic valve 
measured 7.5 cm. in circumference. The cusps of the mitral valve were 
slightly thickened and the edges were rolled downward so that the 
chordae tendineae were inserted in the under surfaces of the cusps. In 
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some regions, the chordae tendineae were fused. The mitral valve meas- 
ured 11 cm. in circumference. The tricuspid and pulmonic valves were 
negative and measured 13 and 7 cm. in circumference respectively. The 
walls of the coronary arteries occasionally were very slightly thick- 
ened, with thin yellow plaques present. The lumina of the coronary 
arteries were widely patent throughout. The other organs, including 
the brain, did not contain grossly visible rheumatoid nodules. The 
left adrenal gland weighed 8.5 gm. and the right, 8.0 gm. Both glands 
were moderately firm. On section, the cortices were found to be pale 
yellow, poorly demarcated, and thin. The medulla was pale gray and 
intact. 
Microscopic Examination 

The tissues were fixed and stained similarly to the scleral nodules 
of the right eye prior to death. 

Right Eye. Large foci of lymphocytes, plasma cells, and scattered 
eosinophils were found in the bulbar conjunctiva. Numerous oval and 
elongated foci of necrotic collagen were found in the sclera with and 
without surrounding elongated palisaded cells. A thick layer of ne- 
crotic neutrophils: often was seen about the necrotic collagen and the 
palisaded cells. The polar arrangement of the latter was irregularly 
developed. The cytoplasm of the palisaded cells was scanty. In a rare 
nodule, a few multinucleated giant cells were seen among the palisaded 
cells. No vacuolization was visibie. One focus composed of amorphous 
necrotic débris surrounded by poorly palisaded fibroblasts encroached 
on the conjunctival surface. A small cyst was present beneath intact 
epithelium in the sclera near the conjunctival surface, surrounded by 
plump, non-palisaded fibroblasts among which an infrequent multi- 
nucleated giant cell was present. There was much replacement of the 
usual collagen bundles by diffusely and focally arranged plump fibro- 
blasts, with numerous lymphocytes, plasma cells, neutrophils, and 
eosinophils. The cornea was negative except for a similar inflamma- 
tory exudate at the limbus. Occasional encroachment on the ciliary 
muscles by foci of necrosis and inflammatory cells was found. Infre- 
quently, proliferated endothelial cells were attached to the anterior 
surface of the iris. A few lymphocytes and eosinophils were seen in 
the choroid. The anterior portion of the retina was edematous and 
infiltrated by lymphocytes. 

Left Eye. No active or inactive rheumatoid foci could be found. 
Atrophy of the iris with anterior synechia, atrophy of the ciliary muscles 
and of the sclera, and fibrosis of the choroid were seen. 

Pleura and Pericardium. The visceral and parietal pericardium and 
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pleura were attached by loose fibrous tissue in which occasional foci 
of necrosis were surrounded by well to moderately polarized, mono- 
nuclear palisaded cells with scanty, non-vacuolated cytoplasm. In 
addition, large and small cystic structures were found lined by acellu- 
lar, hyalinized fibrous tissue which, at times, was necrotic along the 
edges of the cysts. Masses of granular acidophilic necrotic débris 
within the lumina of the cysts occasionally were attached to the edges. 
No inflammatory cellular exudate was observed about these cysts. 

Heart. In the subepicardial fat, often in the vicinity of the coro- 
nary arteries, and, at times, within the walls of the coronary arteries, 
foci of necrosis were surrounded by predominantly mononuclear, 
non-vacuolated, well to moderately polarized, palisaded cells. Giant 
nuclei were found infrequently among the palisaded cells. With Sudan 
IV and Nile blue stains, lipoid droplets were observed in the central 
necrotic portion of these foci but not within the palisaded cells. The 
foci of necrosis often encroached on nerves. Beyond the palisaded 
cells, scattered lymphocytes, plasma cells, histiocytes, and occasionally 
neutrophils were seen within a moderately dense fibrous tissue. Scat- 
tered lymphocytes were present in the adjacent fat. Rare, recent 
hemorrhages and small foci of fibrosis were noted in the myocardium 
of the left ventricle and of the interventricular septum. Occasionally, 
small groups of lymphocytes were found in the perivascular connec- 
tive tissue in the myocardium. Neutrophils, lymphocytes, and histio- 
cytes were scattered among the muscle fibers. In the mitral valve, the 
chordae tendineae were thickened peripherally by loose connective 
tissue which often formed adhesions between individual chordae. There 
was moderate fibrous thickening of the cusps of the aortic valve with 
increased vascularity and scattered lymphocytes at the base of the 
valve. 

Right Knee Joint. Marked fibrous thickening, increased vasculari- 
zation and scattered lymphocytes, plasma cells, and vacuolated and 
pigmented histiocytes were present in the synovial tissue of the right 
knee joints. Toward the periphery, the large arteries possessed thick- 
ened, fibrous intimal layers while the entire walls of the small arteries 
were fibrotic and thickened. Scattered foci of lymphocytes were seen 
in the peripheral tisstes. Along some parts of the synovial surface, 
non-vacuolated, palisaded cells with scanty cytoplasm and a few multi- 
nucleated cells were seen. In other parts of the surface, numerous 
vacuolated mononuclear and multinucleated cells with abundant cyto- 
plasm were found. A few cholesterol crystals were seen. Sections of 
bone revealed eroded, fragmented cartilage of varying widths with 


Pepa 
| 
is 


034 FIENBERG AND COLPOYS 


pannus formation. The bone below the cartilage contained moderately 
narrowed, spongy bone trabeculae. The pannus occasionally extended 
through defects in the bone plate into the marrow spaces. 

Adrenal Glands. The entire adrenal cortex was narrowed, with 
moderate atrophy of the zona reticularis which contained an occasional 
patch of fibrous tissue. The cells of the zona glomerulosa and zona 
fasciculata were moderately vacuolated. 


Rheumatoid Nodules from Untreated Patients 


Twelve rheumatoid nodules from 7 untreated patients were exam- 
ined. They were fixed in Bouin’s solution, 10 per cent formalin, and 
Zenker’s solution and were stained similarly to the tissues already 
described. The patients ranged from 28 to 57 years of age. The 
arthritic symptoms had been present from 4 to 13, years. Nine nodules 
were removed from the elbow and one each from the toe, heel, and 
ankle regions. Details of the nodules are tabulated in Table I. In all 


Taste I 
Rheumatoid Nodules from Untreated Patients 
Peripheral | Fociof | Polarized | Giant | Volumeof | Vacuoli- Fibrous 
Case exudate necrosis | palisading cells cytoplasm | zation Cyst foci 

S-47-1320 I + | +++ + tt | +++ ++ 

S-48-85 ++ ++ + + ++ ++ ++ ++ 
S-49-488 Tt 1 +++ + + + + + ° 
S-49-1889 I ++ +t + | +++ | +++ + | +++ ++ 
II + | +++ ++ ++ ++ | +++ ie ++ 
S-so-1gor I | +++ | + +1 ° 
IE | +++ | +++ + + ° ° ° ° 
S-50-1110 ++ | +++ + ° ° ° ° + 
S-so-1281 I Ft ttt | ++ + ++ + + ++ 
II ++ ° ° ++ 


except one, foci of necrosis and peripheral inflammatory cellular exu- 
dates were prominent. Polarized palisading was moderately developed 
in 6, while it was poor in 5 and absent in one. Giant cells usually were 
found, and they were not confined to the palisaded layer. They often 
were scattered in the fibrous tissue. Many of these were of foreign 
body type and, at times, were adjacent to cholesterol crystals. The 
cytoplasm of the palisaded cells was abundant in one, moderately 
abundant in 7, and scanty in 4. Vacuolization within the palisaded 
cells was abundant in one, moderately abundant in 5, and scanty in 6. 
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The following fat stains were used on two of these rheumatoid 
nodules (S-so-r110 and S-50-1281): Sudan IV, Nile blue, Smith- 
Dietrich, and the Schultz stain for cholesterol. 

In S-s50-1110, Sudan IV revealed small lipoid droplets within the 
palisaded cells where the polarity was poor, and absence of lipoid 
droplets where the polarity was good. Nile blue stained the same 
droplets red, and many were blackened with the Smith-Dietrich stain. 
The Schultz stain demonstrated cholesterol in the same regions where 
lipoid droplets were found. 

In S-s50-1281, with the Sudan IV stain, the results were similar 
about a small focus of necrosis but there were also diffusely distrib- 
uted fine lipoid droplets in old fibrotic regions both extracellularly and 
within histiocytes, fibroblasts, and multinucleated cells, which were 
irregularly distributed within the fibrous tissue. In one region, the 
lipoid droplets were congregated about an old focus of necrosis within 
the acellular hyalinized border. Infrequently, fine lipoid droplets were 
found within the necrotic débris of old necrotic foci. Nile blue stained 
lipoid droplets red. In the Smith-Dietrich stain, many blackened drop- 
lets were seen. Abundant cholesterol was demonstrated by the Schultz 
stain in regions where the droplets were stained by the Smith-Dietrich 
stain. The lipoid droplets were isotropic. The crystals within old 
necrotic foci were anisotropic. 


Discussion 


The problem of evaluating any involutional histopathologic changes 
in rheumatoid nodules treated with cortisone is intensified by the lack 
of detailed information concerning spontaneous involutional changes, 
despite detailed reports of the histopathologic aspects of rheumatoid 
nodules, both scleral and subcutaneous, by several authors including 
Verhoeff and King,° Smoleroff,® Freund,’ Dawson,* Clawson and 
Wetherby,® and Bennett, Zeller, and Bauer.*® One reason for this 
deficiency is that it is probable that nodules removed for study usually 
have shown a mixture of active and involutional processes, making 
difficult the correlation of histopathologic changes with the age of the 
nodule. For example, Collins * collected nodules from 8 months to 15 
years of age, but, even in the oldest, evidence of activity such as well 
oriented palisaded cell layers around foci of necrosis were found. 

Involutional changes have not been neglected entirely, for Dawson * 
and Klinge ** stated that multinucleated giant cells in the palisaded 
cell layer were a sign of involution. These authors believed that the 
multinucleated giant cells arose from a fusion of the palisaded cells. 
Klinge also noted the cytoplasmic hypertrophy of the palisaded cells 
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as the nodule developed. Smoleroff* and Crouzon and Bertrand * 
observed vacuolated cells containing lipoid in rheumatoid nodules but 
did not stress the involutional character of these cells. In addition, 
several authors, including Freund,’ Bennett e¢ ai.,’° and Collins," have 
noted sclerosis, cholesterol deposition, and cyst formation in old 
nodules. 

In the present study, the pre-treatment scleral rheumatoid nodule 
possessed maximal activity. The palisaded cells about the central re- 
gions of necrosis were so oriented as to be perpendicular to the border 
of the nodule in a precise manner. The cytoplasm of these palisaded 
cells was scanty to moderate and non-vacuolated. Multinucleated 
giant cells among the palisaded cells were very few. The central re- 
gions of necrosis consisted of fibrinoid masses without cystic liquefac- 
tion, A fairly intense inflammatory cellular exudate was present in the 
peripheral tissues about the nodule. 

In the scleral nodules removed 14 days after the first injection of 
cortisone, disorganization of a large portion of the palisaded cell layer 
was present together with numerous multinucleated giant cells. The 
number of these giant cells was greatly increased over the number in 
the pre-treatment nodule. An increase in the volume of cytoplasm of 
the palisaded cells was observed and vacuolization of this cytoplasm 
was beginning, although many of the multinucleated giant cells pos- 
sessed no cytoplasmic vacuoles. The peripheral inflammatory cellular 
exudate was markedly diminished as compared to that in the pre- 

treatment scleral nodule. At this stage, slight fibrosis of the palisaded 
cell layer and partial cystic transformation of the central region of 
degeneration could be seen. 

~The disorganization of the palisaded cell layer was much more 
marked in the scleral nodules removed at the end of 24 days of treat- 
ment, 10 days after the preceding biopsy. The volume of cytoplasm 
of the palisaded cells was greatly increased, together with the amount 
of vacuolization. Giant multinucleated cells were still present, and 
most possessed vacuolated cytoplasm. Fibrosis and cyst formation 
were much more advanced. 

At the end of 31 days of cortisone treatment, 7 days after the pre- 

ceding biopsy, microscopic examination of a scleral rheumatoid nodule 

which had almost disappeared clinically revealed almost complete 
microscopic resolution. The nodule appeared condensed and fibrotic, 
with a few scattered, plump fibroblasts present. Among these cells, a 
rare vacuolated cell with a multilobate nucleus was observed, further 
identifying the lesion as an involuted rheumatoid nodule. 


w 


nc 
re 

of 

ex 

fe 

se 

Ww 
of 

fi 

{ 


INVOLUTION OF RHEUMATOID NODULES 937 


When the cortisone was discontinued, nodules began to recur. A 
nodule which appeared 32 days after the cessation of treatment was 
removed 24 hours after it was first observed. Within this nodule, all 
of the signs of activity found in the pre-treatment nodule were present 
except that the palisaded cell layer was not yet well developed. 

Study of the rheumatoid nodule of the right olecranon region suf- 
fered from the lack of multiple biopsies. The pre-treatment half pos- 
sessed foci of fibrinoid necrosis surrounded by palisaded cells which 
were occasionally well polarized. The palisaded cells possessed signs 
of activity such as scanty to moderate amounts of non-vacuolated 
cytoplasm. Giant cell formation was rare. Abundant, dense, acellular 
fibrous tissue was present about the foci of necrosis. The treated half 
was removed 31 days after the first injection of cortisone, at the same 
time as the almost completely resolved scleral nodule. In keeping with 
the inactive appearance of the scleral nodule, no foci of necrosis could 
be found in the dense acellular fibrous tissue composing this half. A 
cavity containing cholesterol crystals was present. A few large cells, 
some multinucleated, with abundant vacuolated cytoplasm were found 
at the edge of the cavity near cholesterol crystals. This treated half 
had the appearance of an old inactive rheumatoid nodule, and while 
this was consistent with an effect due to cortisone, it was obvious that 
two biopsies were inadequate for the demonstration of the various 
phases of involution found by multiple biopsies of scleral nodules. 

From these observations, it can be concluded that the involutional 
process of rheumatoid nodules consists first of a disorganization of the 
palisaded cell layer and the fusion of the palisaded cells to form multi- 
nucleated giant cells. These giant cells should not be confused with 
foreign body giant cells which may appear in old rheumatoid nodules 
about necrotic collagen or cholesterol crystals. Simultaneously, there 
is an increase in the volume of the cytoplasm of the palisaded cells. 
Vacuolization begins gradually and then involves many of the mono- 
nuclear and multinucleated giant cells composing the palisaded cell 
layer. A decrease in the number of palisaded cells is accompanied by 
fibrosis. The central focus of necrosis undergoes cystic liquefaction. 
If the nodule is small enough, it shrinks and becomes a small scar in 
which a few plump, infrequently vacuolated fibroblasts may still be 
seen. If the nodule is large, the amount of fibrous tissue prevents 
much shrinkage and a cavity containing cholesterol crystals remains. 

A comparison of the untreated nodules with those removed from the 
sclera of the right eye during treatment leads to the conclusion that 
cortisone does not introduce anything novel, but rather accelerates the 
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process by which untreated rheumatoid nodules undergo spontaneous 
involution. The same cytologic and histologic details which pertain 
to the involutional process of treated scleral nodules were seen in un- 
treated nodules, but it was difficult to ascertain progressive phases be- 
cause of the different stages of activity in various regions of the same 
nodule. The effectiveness of cortisone in preventing recrudescence of 
activity in the treated scleral nodule allowed an isolation of the involu- 
tional process and an observation of its various phases. impossible of 
attainment in untreated rheumatoid nodules. 

In order to ascertain the nature of the vacuoles in the cytoplasm of 
the palisaded cells, it was necessary to employ fat stains on sections 
of untreated nodules since the scleral nodules did not contain sufficient 
tissue for this purpose. Lipoid droplets were found within the cyto- 
plasm of the palisaded cells of the untreated rheumatoid nodules, 
particularly where disorganization of polarity had taken place. The 
results with the lipoid stains suggest the presence of neutral fat, phos- 
pholipids, and cholesterol within the droplets. The deposition of 
cholesterol crystals is a late phenomenon. If the involutional processes 
in the untreated and treated rheumatoid nodules are identical, then it 
may be inferred that the vacuoles in the palisaded cells of the treated 
scleral nodules contained similar lipoids. It is difficult to state whether 
the vacuoles are due to imbibition of lipoid from the central liquefying 
focus of necrosis or are due to intracytoplasmic regressive changes. It 
is of interest that lipoid droplets were found in the necrotic collagen 
of recent, active rheumatoid nodules of the heart but not in the adja- 
cent well polarized palisaded cells. 

The problem of whether the changes in the scleral nodules under- 
going treatment with cortisone represented a response to therapy or 
were fortuitous must be considered. It is noteworthy that there was 
little or no diminution in the size and no diminution in the number 
of the scleral nodules on clinical examination before cortisone was 
administered. At the end of 31 days of treatment, only three greatly 
reduced scleral nodules could be found. The first excision of the scleral 
nodules during treatment included a nodule which had decreased to 
about half of its pre-treatment size, the second included a nodule which 
had decreased to about 10 per cent of its pre-treatment size, and the 
third included a nodule which had measured 1.8 mm. before the admin- 
istration of cortisone and was barely visible on clinical examination 
at the time of removal. 

These clinical observations certainly support the contention that 
cortisone was causing an involution of these scleral nodules, and that 
any involutional changes found microscopically were due to cortisone. 
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Furthermore, the progressive nature of the microscopic changes which 
ended in a scar is in complete accord with the progressive decrease in 
the size of the scleral nodules. 

The patient had complained of redness and pain in the right eye 
only 2 months before admission and had not noticed the scleral nodules 
prior to 1 month before admission. Accordingly, the nodules were 
between 3 and 4 months old at the time of the first injection of corti- 
sone. Thus the possibility of the spontaneity of the pronounced invo- 
lutional changes in the treated scleral nodules is further challenged 
by the recent origin of the scleral nodules as well as by the microscopic 
appearance of the pre-treatment scleral nodule removed for biopsy. 

The recrudescence of the nodules in the sclera of the right eye after 
the cessation of cortisone treatment and the microscopic picture of 
intense activity in the post-treatment scleral nodule and in the scleral 
nodules obtained at necropsy illustrate nicely the result of the release 
from the cortisone effect. The lack of the progressive involutional 
changes and the presence of inactive lesions in the right eye, the pleuro- 
pericardial tissues, and the subepicardium at the time of death give 
additional support to the lack of fortuitousness of the progressive in- 
volutional changes found in the scleral nodules removed during treat- 
ment with cortisone. 

Finally, it should be noted that what appeared to be a single nodule 
on clinical examination, in two instances actually contained two or 
more foci of necrosis. In the specimen removed before treatment was 
started and in the one removed on the 14th day after the first injection 
of cortisone, there were three of these foci, all of which possessed 
changes, either of activity or involution, common to the nodule in 
which they were found. 

An interesting feature was the lack of scleral rheumatoid nodules 
in the left eye which had probably undergone changes similar to those 
found in the right eye. An explanation for the lack of scleral nodules 
must be sought in a probable decrease of pressure of the eyelids 
against the shrunken eye, particularly in the opening and closing of 
the lids. The occurrence of rheumatoid nodules at points of pressure 

such as the olecranon area is in favor of this idea, as are the rheuma- 
toid nodules within the pleuro-pericardial tissues and subepicardial 
fat in areas subjected to the pressure exerted by the beating of the 
heart. 
SUMMARY 

In a patient with severe rheumatoid arthritis and eleven scleral 

rheumatoid nodules (scleromalacia perforans), who was treated with 
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cortisone for 31 days, several nodules disappeared at the end of 31 
days and three that remained were greatly reduced in size. 

In three scleral nodules removed during treatment, involutional 
changes were found consisting of diminished peripheral inflammatory 
cell exudate, increased formation of multinucleated giant cells in the 
palisaded cell layer, disorganization of the polarity of the palisaded 
cell layer, increased cytoplasm of the palisaded cells with marked 
cytoplasmic vacuolization, central cyst formation, and fibrosis. 

Examination of half of a nodule removed from the right olecranon 
area before the beginning of treatment with cortisone disclosed foci of 
activity which were absent in the half removed during treatment. 

Eight rheumatoid nodules obtained from patients who did not re- 
ceive cortisone revealed similar but less well defined involutional 
changes usually intermingled with signs of activity. Lipoid was found 
in the vacuolated palisaded cells in these nodules. 

It is concluded that cortisone induces an acceleration of involutional 
changes which occur spontaneously in rheumatoid nodules and hastens 
regression by preventing the occurrence of further activity. 
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DESCRIPTION OF PLATES 


PLATE 141 


1. Nodule 1. Removed from the right eye 2 months prior to beginning of 
cortisone treatment. Of note are central necrosis and surrounding well polar- 
ized, predominantly mononuclear palisaded cells which are arranged perpen- 
dicular to the circumference of the nodule. Hematoxylin and eosin stain. 
X 100. 


2. Nodule 2. Removed from the right eye 14 days after the first injection 
of cortisone. Marked disorganization of palisaded cell layer on the right 
with numerous multinucleated giant cells about the cystic region in the center 
of the area of necrosis. A well polarized, mononuclear palisaded cell layer is 
still present on the left. Hematoxylin and eosin stain. X 100. 


3. Nodule 3. Removed from the right eye 24 days after the first injection 
of cortisone. Condensation of the nodule is apparent. Marked disorganization 
and fibrosis of palisaded cell layer are visible about the central cystic region. 
Vacuolated multinucleated giant cells are still prominent. Hematoxylin and 
eosin stain. X 100. 


4. Nodule 4. Removed from the right eye 31 days after the first injection 
of cortisone. Ill defined nodule of moderate cellularity consisting of plump 
fibroblasts with more acellular portions of sclera above and below. Hema- 
toxylin and eosin stain. X 100. 
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PLATE 142 


5. Nodule 5. This nodule appeared in the right eye 32 days after cessation 
of treatment and was excised 24 hours after its appearance. Young, active 
rheumatoid nodule with central focus of necrosis surrounded by non-vacu- 
olated mononuclear cells which have not yet become well polarized. Hema- 
toxylin and eosin stain. XX I00. 


6. Nodule 1. Scanty to moderate, non-vacuolated cytoplasm of predominantly 
mononuclear cells in palisaded cell layer is typical of a young, active rheuma- 
toid nodule. Hematoxylin and eosin stain. X 9g8o. 


7. Nodule 2. Portion of palisaded cell layer in which an early stage of 
involution is present. The palisaded cells possess increased amounts of cyto- 
plasm. Early formation of multinucleated giant cells is visible. Hematoxylin 
and eosin stain. X 98o. 


8. Nodule 2. Multinucleated giant cell in palisaded cell layer, with peripherally 
arranged nuclei and abundant cytoplasm. Hematoxylin and eosin stain. X 980. 
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PLATE 143 


g. Nodule 2. Vacuolated mononuclear cells in palisaded cell layer. Phos- 
photungstic acid hematoxylin stain. X g8o. 


10. Nodule 2. Marked peripheral vacuolization of multinucleated giant cell 
of palisaded cell layer. Phosphotungstic acid hematoxylin stain. xX g8o. 


11. Half of subcutaneous rheumatoid nodule of right olecranon area removed 
1 week prior to cortisone treatment. A focus of necrosis surrounded by poorly 
polarized palisaded cells is present. Verhoeff’s elastic tissue stain. 100. 


12. Half of subcutaneous rheumatoid nodule removed 31 days after begin- 
ning of cortisone treatment. Central cystic region filled with débris in which 
cholesterol crystal clefts are present. The surrounding fibrous tissue is hyalin- 
ized, acellular, with no foci of necrosis present. Masson’s trichrome stain. 
X 100. 
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PLATE 144 


13. Young, active rheumatoid nodule in sclera of right eye at time of death, 
55 days after cessation of cortisone treatment. Elongated masses of necrotic 
collagen are surrounded below by masses of necrotic neutrophils and above 
by poorly polarized palisaded cells. Hematoxylin and eosin stain. X 200. 
14. Active rheumatoid nodule found in subepicardial tissues at time of death, 
55 days after cessation of cortisone treatment. Large focus of necrosis sur- 
rounded by moderately polarized palisaded cells. Hematoxylin and eosin stain. 
X 100. 

15. Untreated rheumatoid nodule. Disorganization of palisaded cell layer 
with multinucleated giant cells present about central focus of necrosis. Hema- 
toxylin and eosin stain. X 200. 


.16. Untreated rheumatoid nodule. Old focus of necrosis with disorganized, 


fibrotic palisaded cell layer about a central cystic region. Hematoxylin and 
eosin stain. XX 100. 
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PATHOGENESIS OF THE CIRRHOSIS PRODUCED BY CHOLINE 
DEFICIENCY 
Escape or Lipip rroM Fatty Hepatic Cysts INTO THE BILIARY 
AND VASCULAR SYSTEMS * 


W. Stantey Hartrort, M.D., and Jessre H. Rwovt, Ph.D. 


(From the Banting and Best Department of Medical Research, University of Toronto, 
Toronto 5, Ont.) 


Pathologic fatty cysts { which form in the livers of rats fed choline- 
deficient diets have been described previously by one of us.’ A series 
of changes was initiated by the rapid accumulation of fat within each 
parenchymal cell** (Figs. 1 and 2), particularly those in centro- 
lobular regions of the livers. Within a period which varied with the 
age, weight, sex, and food-intake of the animals, some of the intra- 
cellular fat became extracellular (Figs. 3, 7, and 8). This occurred 
initially in centrolobular regions (Fig..13) where the cytoplasm of 
each parenchymal cell had become distended by a large lipid spherule 
which displaced the nucleus to one side. Limiting membranes of con- 
tiguous cells, thus distended, became so flattened and stretched that 
they appeared as single tenuous septa compressed by adjacent globules 
of intracellular lipid. In the livers of young adult rats fed the low- 
choline diet for 6 to 8 weeks, there was microscopic evidence that 
many of these attenuated septa had ruptured. Repeated intercellular 
septal breaks of this nature (Figs. 4 to 6) culminated in the formation 
of cysts (up to 100 » in diameter in paraffin sections) of a multicel- 
lular nature. Their unilocular lumina were completely filled with fat. 
Their walls consisted of a continuous, single layer of dedifferentiated 
hepatic cells which had each contributed the intracellular lipid they 
originally contained to the fat now lying within the cyst. 

Most of these non-portal fatty cysts became replaced by fibrous 
tissue in the form of trabeculae which extended from one central vein 
to another. A well marked pattern of annular fibrosis was developed 
in this manner in the livers of young adult rats which had been fed 
the low-choline diet for periods of 6 to 7 months. Biochemical investi- 
gations have established * that the amount of fat in livers of com- 
parable animals decreases as fibrosis increases. This is mirrored in 
miniature by the escape of lipid from fatty cysts which atrophy with 


* This work was supported by a grant from the National Cancer Institute of Canada 
(Project No. 21) to Dr. C. H. Best and Dr. E. A. Sellers. 
Received for publication, January 29, 1951. 
+ The name lipodiastemata was originally given these structures, but this has now been 
abandoned for the simpler and more descriptive term fatty cysts. 
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replacement fibrosis. The history of these cysts demonstrates the 
cirrhogenous réle of excessive accumulation of hepatic lipid. 

In the present communication, evidence will be presented to show 
that fat escapes from the cysts not only into the biliary tree, but also into 
the blood stream. The latter pathway of escape results in intermittent 
showers of minute fat emboli which have been demonstrated in the 
heart, lung, and kidney, where they have produced secondary patho- 
logic lesions. Evidence obtained from a study of material taken at 
necropsy from alcoholic patients * suggests that a similar lesion may 
sometimes occur in human subjects. Factors responsible for rupture 
and atrophy of the cysts will be discussed. 


Experimental Procedure 


For this investigation, 240 weanling rats of the Wistar strain (both 
sexes) reared in our own colony were used. The rats (initial weights, 
36 to 42 gm.) were housed in individual all-metal cages provided with 
a false bottom of coarse wire screen, and were fed diets low in choline 
and its precursors. 

In the first group, 200 rats (equal distribution of sexes) received a 
diet with a protein mixture similar to that used by Copeland and 
Salmon.® This diet had the following percentage composition: peanut 
meal, 30; casein (fat-free, vitamin-free), 6; salts, 4 +; sucrose, 39; 
“vitamin powder,” 1 1; beef fat, 15; corn oil, 5; cod-liver oil concen- 
trate, 0.015 §; and alpha-tocopherol acetate, o.o10. The peanut meal 
(expeller-process) was extracted with ethanol once with 5 to 7 volumes 
of 50 per cent, then 3 to 5 volumes of 70 per cent, once with 3 vol- 
umes of 95 per cent, and finally washed with absolute ethanol. 

In the second group, 40 male weanling rats were fed a synthetic 
diet of the following percentage composition: gelatin, 5; casein (fat- 
free, vitamin-free), 4; arachine, 4; zein, 3; fibrin, 2; salts, 5 +; cellu 
flour, 2; sucrose, 53.8; “vitamin powder,” 1 t; beef fat, 15; corn oil, 
5; cystine, 0.175; cod-liver oil concentrate, 0.015 §; and alpha-tocoph- 
erol acetate, 0.010. 


*This material was supplied through the courtesy of Professor William Boyd, Depart- 
ment of Pathology, University of Toronto. 

{The salt mixture® is a modification of the McCollum salt mixture 185.7 The composition in 
gm. per 100 gm of saltsis as follows: Ca lactate 35.15; CaCOs, 5.28; 
14.60; KzHPO,, 6.45; NaH:PO,H,0, 18.76; NaCl, 9.34; MgSO, (anhydrous), 7.19; ferric 
citrate (3H,0), 3.19; MnSO,-2H,0, 0.33; ZnSO,-7H:0, 0.035; CuSO. 5H;0, 0.039; KI, 0.00039. 

}The “vitamin powder” contained thiamine hydrochloride, 0.5 gm.; riboflavin, 0.25 gm.; 
pyridoxine hydrochloride, o.2 gm.; calcium pantothenate, 1 gm.; nicotinic acid, 1 gm.; folic 
acid, 0.05 gm.; 2-methy]l-1-4-naphthoquinone, 0.1 gm.; para-aminobenzoic acid, 10 gm.; and 
inositol, 50 gm.; made up with finely powdered sucrose to 1,000 gm. Rats consuming 10 gm. 
of diet daily received 50 yg. of thiamine hydrochloride and corresponding amounts of the 
other vitamins. 

§Cod-liver oil concentrate (Ayerst, McKenna & Harrison, Ltd., Montreal, Que.) contained 
200,000 international units of vitamin A and 50,000 i.u. of vitamin D per gm. 
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Fresh diets were prepared about once a week. The major dry 
ingredients were mixed thoroughly in a Hobart food-mixer, and a small 
portion (about 500 gm.) of this mixture was spread in a thin layer on 
a large tray. The minor ingredients (“vitamin powder” or cystine) 
were ground individually in a mortar with small portions of the dry 
mixture, and sifted (40-mesh sieve) over the surface of the material 
in the tray. The cod-liver oil concentrate and alpha-tocopherol ace- 
tate were dissolved in petroleum ether and sprayed over the mixture. 
The contents of the tray were mixed by hand and then returned to 
the Hobart-mixer and blended thoroughly. The beef fat was melted 
and brought to a temperature of 130° to 140° C., the corn oil was 
added, and the hot fat was poured all at once into the mixer and 
blended until uniform. The diets were kept in tightly closed tinned 
cans in a refrigerator at about 4° C. until required for use. Weighed 
amounts of fresh food were placed each morning in galvanized iron 
food-containers, designed to minimize scattering, and fresh water was 
available at all times. The amount of food left over and any scattered 
material were weighed daily, from which data the individual food 
consumption could be calculated. 

Since young rats are very susceptible to choline deficiency, minimum 
supplements of choline were given in the preliminary period in order 
to prevent death from hemorrhagic renal disease. Each animal received 
individual attention and the dosage of choline was gradually decreased 
according to weight, food consumption, and general appearance. The 
supplement of choline chloride was discontinued when it was believed 
that the rat was able to survive without it. Animals were killed under 
ether anesthesia at intervals ranging from 6 to 18 months on this 
dietary regimen. In many instances they were moribund or losing 
weight at the time of sacrifice. 

The weights of all organs (except brain and pancreas) were re- 
corded at necropsy. Representative portions of the viscera, brain, and 
diaphragm were fixed in either Bouin’s or formol-saline solution. 
Paraffin sections of Bouin-fixed blocks were stained routinely with 
hematoxylin and eosin. Frozen sections of the tissue fixed in formol- 
saline solution were stained with oil red O, hematoxylin, and light 
green by Wilson’s technic.* Special staining methods for glycogen, 
elastic tissue, connective tissue, hemosiderin, ceroid, cholesterol, and 
calcium deposition were applied to selected tissues as indicated in the 
tex 

; The Microanatomical Relations of Fatty Cysts 

Evidence supporting the concept of fatty cysts in livers of choline~ 
deficient rats has been presented in previous publications.’* For an 
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understanding of how lipid may escape from these cysts, their rela- 
tions to surrounding structures, particularly bile canaliculi and sinu- 
soids, must be considered in some detail. 

Between hepatic parenchymal cells lies either a canaliculus or a 
sinusoid (Fig. 1). Early in choline deficiency, many small fat drop- 
lets form in the cytoplasm of each cell. The droplets conglobate into 
one or two large intracellular spherules which distend each cell and 
displace its nucleus to one side. Limiting membranes of adjacent cells, 
so expanded, are stretched, thinned, and compressed (Figs. 7 and 8). 
If a bile canaliculus (Figs. 9 and 10) lies between two of these cellular 
membranes, it must either be flattened between them or pushed to 
one side. If the former occurs, the canalicular wall will be disrupted 
when the tenuous septum formed by the compressed membranes of 
the adjoining cells is torn by the pressure of the intracellular lipid 
conglobates. The lumina of the torn canaliculus and the newly formed 
cyst would then communicate. Examination of sections indicates that 
this rarely happens in the initial stages of cyst formation from single 
cells (first generation cysts) when, instead, the canaliculus is pushed 
to one side (Fig. 9) so that it is not torn when cellular fusion produces 
a small fatty cyst. If only single cells enter into formation of a cyst, suffi- 
cient displacement of a canaliculus to escape rupture need be only a few 
micra. In later stages (Figs. 4 and 5), when small cysts fuse to produce 
larger ones (of the third or fourth generation), a bile canaliculus caught 
between adjacent cysts must be displaced a relatively great distance to 
escape rupture. Under these latter conditions canaliculi frequently 
rupture as will be shown in a later section. 

If a series of septal breaks between distended cells and later be- 
tween cysts of increasing size is accompanied by displacement without 
rupture of any of the intervening canaliculi, a large fatty cyst is pro- 
duced, on the surface of which run numerous biliary channels (Figs. 4 
and 5). As the walls of both the cyst and the canaliculi ure exceedingly 
thin, there are many potential sites of rupture through which fat within 
the cyst could then escape into the biliary tree. In serial sections, over 
60 cells have been found in the walls of some of the larger cysts '; 
there are, therefore, a correspondingly large number of possible places 
for tears of the compressed membranes between the lumen of such a 
cyst and any of the numerous bile canaliculi coursing over its surface. 

Just as bile canaliculi separate parenchymal cells, so do sinusoids. 
These also may become compressed between adjacent limiting mem- 
branes of cells distended by lipid conglobates (Figs. 4 and 12). Large 
cysts are surrounded by many sinusoids which have come to occupy 
their positions by the same principle of displacement by septal com- 
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pression as has been described for bile canaliculi. If a sinusoid is not 
displaced, it will be ruptured when the intercellular (or intercystic) 
septa are torn. The lumen of the sinusoid will then communicate with 
that of the cyst. If large cysts fuse to form still larger ones, interven- 
ing sinusoids must be displaced relatively great distances to escape 
rupture and this may not be possible. Rupture eventually occurs 
instead of displacement, and this will be demonstrated. One might 
suppose that sinusoids would not be torn as easily as delicate bile 
canaliculi. But walls of vessels become stretched and very tenuous in 
their course around large cysts (Figs. 11 and 12). Rupture under 
these circumstances appears to be likely and this is borne out by the 
histologic evidence to be presented. 


Release of Fat from Hepatic Cysts into the Biliary Tree 


Since cysts and bile canaliculi are so close together, there are many 
points where intracystic lipid is separated from canalicular lumina 
only by tenuous septa (Figs. 10 and 14). In frozen sections, stainable 
fat droplets can be demonstrated passing through breaks in the septa 
at these sites of weakness and entering canaliculi (Figs. 15 and 16). 
Frequently the lumina of these cysts are only partially filled with 
lipid (Fig. 15), which suggests that reflux of canalicular fluid into the 
cyst has replaced whatever lipid has escaped into the biliary tree. 

It is necessary to consider the possibility that the ruptures illus- 
trated might have been technical artifacts; fat droplets might have 
been swept by the microtome knife from cysts to other regions of the 
sections. This is not considered the case in the instances shown, and 
in others of a similar nature, on the following grounds. The plane of 
focus occupied by the droplets indicates that they are neither on top 
of, nor below, the section, and that they occupy positions precisely 
within the canalicular lumina. The diameters of the droplets (Fig. 15) 
are adapted rather exactly to the diameters of the canaliculi—the 
wider the passage, the greater the droplet-diameter and vice versa. 
Droplets are not scattered over the tissue and general artifacts of this 
nature are absent. In areas of the section (periportal, for example) 
where the parenchyma has undergone less fatty change, lipid droplets 
are found in canaliculi (Figs. 20 and 21), and technical displacement 
of fat would have had to be far-flung, indeed, for the droplets to have 
been carried into these areas otherwise relatively free of fatty change. 

Further evidence of the true nature of these communications be- 
tween cyst lumina and biliary canaliculi was obtained from specially 
prepared material. India ink under very low pressure was introduced 
into the biliary tree of rats which had been fed the basal diet for 10 
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months. Under ether anesthesia, a small plastic cannula was inserted 
into the main bile duct; plastic tubing connected the cannula to a 
small funnel. Filtered, diluted (ink to water; 1 to 2) India ink was 
poured into the funnel and allowed to flow into the bile duct under a 
pressure of not more than 15 cm. of water. Blocks of liver tissue sub- 
sequently were immersed in formol-calcium for fixation. This technic 
produced complete injection of main biliary ducts and immediately 
adjacent canaliculi, but those in the mid-lobular and centrolobular 
regions were not well filled. The same procedure was carried out 
using control animals of similar ages and weights, which had been fed 
the basal diet supplemented with 0.35 per cent of choline chloride 
(Fig. 22). In the cirrhotic rats (Fig. 23) many of the fatty cysts 
could be seen partly or completely filled with ink. In some instances 
a bile canaliculus, filled with the injection medium, could be followed 
to the cyst (Fig. 23). Frozen sections (Fig. 17) of these livers con- 
tained not only bile passages, but also cysts, filled with ink alone and 
sometimes with mixtures of ink and stainable fat. 

Escape of lipid from fatty cysts into the biliary tree apparently has 
little ill effect on the animal compared with its escape into the vascular 
system. The cysts from which the lipid has drained into the biliary 
tree in some cases shrink and become replaced: by the condensed 
reticulum which originally surrounded each of the cells in the walls of 
these cysts. The ultimate fate of these and of other cysts which be- 
come transformed into “new” bile ducts will be described in greater 
detail in a later section. 


Release of Fat from Hepatic Cysts into the Blood Stream 


By examination of thin (4 to 5 m) frozen sections of livers of 
choline-deficient rats, direct morphologic evidence has been obtained 
which indicates that lipid droplets from some of the fatty cysts may 
enter the circulating blood through tears in the membranes separating 
the lumina of cysts and sinusoids. (Indirect evidence that this occurs 
will be presented also in a subsequent portion of the paper.) It already 
has been shown that sinusoids may course over the surface of cysts 
and may be caught between walls of adjacent cysts (Fig. 12). Rup- 
ture at such potentially weak sites probably occurs by the same 
mechanisms already described for bile canaliculi. Fat droplets then 
enter the lumen of the sinusoids (and thus the systemic circulation) 
and erythrocytes and plasma replace whatever lipid has escaped from 
the lumen of the cyst (Figs. 6, 24, 25, and 26). Plugs of fat may 
completely block sinusoids (Figs. 19 and 28) or as small droplets may 
be intermixed with red cells (Fig. 18). Exceptionally, large centro- 
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lobular veins have been observed completely filled with stainable fat 
in which a few erythrocytes may be embedded (Fig. 29). 

If there is only one tear in the cyst wall, the structure persists for 
some time as it slowly shrinks. Ruptures, however, may be multiple 
as shown in Figure 27, where tears have developed at two and possi- 
bly three sites on the wall of a single cyst. Cells of this cyst wall 
between the tears are contracted and degenerating. Erythrocytes have 
replaced the cyst and surrounded the released conglobate of lipid 
(which appears as a large vacuole in the paraffin section photo- 
graphed). Multiple ruptures in the wall of a single cyst lead to com- 
plete dissolution of the structure, since it is apparent that if the 
endothelium of the sinusoids at the periphery of the photomicrograph 
shown in Figure 27 were repaired at the sites of ruptures, and if the 
degenerated cells were carried away with the circulation, no trace of 
the ruptured cyst would remain. 

Release of fat from a cyst into a blood vessel results in a pathologic 
interchange of blood and lipid. The changes in erythrocytes isolated 
in ruptured cysts which persist are of interest and will be described 
in a subsequent part of this paper. The extravasation of these red 
cells probably has little effect on the general health of the animal, 
but the fat which enters the circulation may produce embolic lesions 
in other organs which may hasten its death. 


Chronic Fat Embolism 


Fat droplets which have escaped from cysts into hepatic sinusoids 
might conceivably produce pathogenic effects on any organ, but the 
evidence to be presented here is limited to heart, lung, and kidney 
in which lesions were readily apparent. In frozen sections of cardiac 
muscle of some of the cirrhotic rats, small, elongated fat emboli could 
be found in the capillaries (Fig. 30). These sometimes were associated 
with small foci of necrotic muscle cells surrounded by fibrous *‘ssue 
in which calcium salts were deposited (Fig. 31). The lesions resembled 
small ischemic infarcts. 

In frozen sections of lungs of many of the choline-deficient rats, 
lipid droplets were found in relatively large numbers lying in arterioles 
and capillaries (Fig. 33). In some instances, fat appeared to have 
escaped from septal capillaries into alveolar lumina in which macro- 
phages with lipid droplets in their cytoplasm were present also. This 
suggested that fat which had entered the alveolar lumen from septal 
capillaries had been engulfed by these cells. They appeared to collect 
in the peribronchial lymphoid tissue, for in many of the experimental 
animals this region was found to be distended by large numbers of 
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lipid-containing macrophages (Fig. 34). Interference with bronchial 
lymphatic drainage in this manner could be a factor predisposing to 
the bronchiectasis and bronchopneumonia which developed in many 
of the rats. 

The most striking demonstrations of the cumulative effects of small, 
intermittent showers of fat emboli derived from ruptured hepatic 
cysts were found in the kidneys. Lesions of this type were separate 
from, and additional to, changes which were secondary to the stain- 
able fat which accumulates within the cells of proximal convoluted 
portions of nephrons as a direct result of dietary choline deficiency, 
both acute and chronic.**? Embolic lipid was found within both inter- 
lobular and afferent glomerular arterioles (Fig.-35), as well as within 
the lumina of glomerular capillary loops (Figs. 36 and 37). Obstruc- 
tion of the circulation in glomerular loops due to fat emboli could be 
demonstrated in kidneys of rats injected intravascularly with ink at 
the time of sacrifice (Fig. 38). Engorgement of capillary loops some- 
times was found associated with their obstruction by fat emboli (Fig. 
39). In corresponding paraffin sections there was evidence of focal 
necrosis and hyalinization of the glomerular tufts (Fig. 40). These 
lesions were like those described by Kimmelstiel and Wilson” in 
diabetic patients. It is possible that the material deposited in the 
hyalinized tufts in the rats was derived in part from arrested erythro- 
cytes. Considerable amounts of pigment which reacted positively to 
Prussian blue tests (hemosiderin) were found in the lumina and walls 
of the tubules (Figs. 41 and 42). This material may have originated 
from products in the glomerular filtrate from red cells arrested in 
glomerular loops obstructed by fat emboli. 

Stainable fat was found in the space of Bowman in many of the 
glomeruli in which fat was present in the capillary tufts (Fig. 37). 
This appeared to be analogous to the presence of lipid droplets in 
those alveolar lumina which were surrounded by septal capillaries con- 
taining fat, and the evidence suggested that in both the kidney and 
the lung, fat may pass from the capillary loops into the adjoining 
tissue space (alveolar or capsular). In both the proximal convoluted 
tubules and in the tubules of the medulla, particularly the latter, lipid 
casts were present in great numbers. In the medulla many had become 
calcified (Fig. 43). 

Thus, focal myocardial lesions, possibly bronchiectasis and bron- 
chopneumonia, focal necrosis of the glomerular tuft, renal hemo- 
siderosis, and lipid obstruction of medullary tubules have been 
demonstrated in tissues of rats fed diets low in choline for periods of 
approximately 1 year or longer. The evidence strongly suggests that 
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the escape of fat from pathologic cysts into hepatic sinusoids and 
lodgment of the fat emboli in the various tissues was responsible for 
the lesions. 


The Fate of Erythrocytes Which Enter Fatty Cysts 


Blood in fatty cysts never appeared to have clotte? (Figs. 25, 26, 
and 27), nor could Prussian blue-positive products of erythrocytic 
disintegration be demonstrated. But these livers contained abundant 
deposits of ceroid * in the regions where the hemorrhagic cysts had 
shrunk. Ceroid globules frequently resembled erythrocytes in size and 
shape, particularly if some allowance was made for effects of distor- 
tion and compression (Fig. 44). Red blood cells normally exhibit a 
strong affinity for light green (color index no. 670). In livers which 
contain large amounts of ceroid, clumped red cells sometimes were 
found in cyst remnants, which took up abnormally small amounts of 
this stain. In these same sections, granular débris in cysts was noted 
which, although faintly sudanophilic, was overcast with a pale green 
color (Fig. 45). These metachromatic deposits suggested transition 
forms between chlorophilic erythrocytes and sudanophilic ceroid. 
Further, it was found that in livers of a small series of cirrhotic rats 
in which ceroid deposition had been minimal,} hemosiderin (Prussian 
blue positive) pigment could be demonstrated in shrunken remnants 
of cysts (Fig. 49). This suggested that ceroid might result if red cells 
were immersed in liver lipid and, further, that this could prevent the 
usual liberation of reactive iron from degenerating erythrocytes. The 
hypothesis was supported by the results of tests performed not only in 
vitro but also in vivo as follows. 

Heparinized red cells from choline-deficient rats were mixed with 
10 volumes of cod-liver oil and incubated in vitro at 37°C. for 5 days. 
After centrifugation, the sediment was washed repeatedly with alcohol 
and ether. Histochemical examination demonstrated that clumps of 
red cells had been transformed into a substance which could not be 
distinguished from ceroid. Paraffin sections of fatty mesenteric tissue 
from rats sacrificed 3 weeks after it had been locally heparinized and 
crushed with hemostats also contained pigment histochemically identical 

* Ceroid is the insoluble (in alcohol, ether, xylol) orange-brown pigment found in the 
fibrous trabeculae of the livers of choline-deficient rats.14 It is fluorescent, acid-fast (Ziehl- 
Neelsen technic), sudanophilic, and stains with most basic dyes. 

+ Ceroid was absent in a series of 10 Wistar rats fed the basal (choline-deficient) diet 
supplemented with ro mg. of alpha-tocopherol acetate per 10 gm. of food. The animals 
were sacrificed after a period of 6 months on this dietary regimen. This preventive action 
of alpha-tocopherol in relation to ceroid was first suggested by Victor and Pappenheimer.15 


The results in these ro rats were not confirmed by a similar experiment carried out by Gyérgy 
and Goldblatt.1¢ 
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with ceroid. Details of these experimental procedures have been reported 
elsewhere.’* The results support the hypothesis that ceroid pigment 
may be the product of a physicochemical reaction involving certain 
components of rat erythrocytes and liver lipid. Further investigations 
are being carried out using other tissues than blood and other lipids 
than cod-liver oil, and to assay the possible réle of alpha-tocopherol 
in the reaction. The evidence obtained to date, however, seems to in- 
dicate clearly that erythrocytes which enter ruptured fatty cysts in 
livers of rats fed the basal diet are converted into ceroid, rather than 
into hemosiderin as commonly occurs in cases of interstitial hemor- 
rhages under other conditions. 

Small embolic masses of ceroid have been found in suitably stained 
paraffin sections of lung (Fig. 32) and kidney from rats in this series. 
This suggests that some of the lipid which enters the circulation from 
ruptured cysts may become converted into ceroid, or that ceroid is 
formed first in a ruptured cyst and is then washed into the general 
circulation. As ceroid was found in greatest amounts in the livers of 
choline-deficient rats, embolic ceroid in pulmonic and renal vessels 
mixed with embolic fat strongly supports the belief that these lipid 
emboli originate in the livers. 


Factors Responsible for the Rupture of Cysts 


The larger a cyst, the more numerous the cells of its wall and the 
bile canaliculi or blood sinusoids running over its surface, and thus 
the more likely that one or more of these vessels will be torn if the 
cyst is involved with others in further mergers. Again, the larger the 
cysts, the greater will be the distance of displacement required for a 
canaliculus or sinusoid to avoid being caught and torn between adjacent 
walls. Finally, even though intracystic pressure may be no greater 
within a large cyst than within a small one, the outward thrust on its 
wall will increase with its surface area and so favor rupture. The 
combination of the foregoing factors appears to have limited the size 
of cysts in the rat to a maximum of 80 to 100 p» in diameter (as seen 
in paraffin sections). Pathologic fatty cysts in livers of alcoholic per- 
sons have been noted which greatly exceed in size the largest observed 
in choline-deficient rats. 

Occasionally in rats, unusual collections of very large cysts (Fig. 50) 
have been encountered. Some of these have been sufficiently large to 
be visible on gross examination. In frozen sections, these macrocysts 
contain small amounts of weakly sudanophilic material which appears 
to consist of an aqueous dispersion of lipid. Ink injected into either 
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bile ducts or vessels has never been found in macrocysts. This sug- 
gests to us that they completely lack communications with either the 
biliary or vascular trees. Lack of drainage may have been responsible 
for the gigantic proportions attained by these macrocysts. 


Histogenesis of the Fibrous Trabeculae in Cirrhotic Livers of 
Choline-deficient Rats 


The cytometaplastic changes which culminate in the formation of 
trabeculae in the final cirrhotic lesions seen in livers of choline-de- 
ficient rats are difficult to envision from an examination of only the 
final stage. Microscopy of every step in the pathogenesis of the cir- 
rhosis has afforded much information concerning the histogenesis. and 
cytogenesis involved. Actually only a relatively small fraction of the 
components of the so-called “fibrous” trabeculae gives the character- 
istic staining reactions of connective tissue (Figs. 52 and 53). These 
strands of reticulin and collagen are widely separated by interlacing 
channels lined by simple epithelial cells (“new” bile ducts) and aggre- 
gates of ceroid pigment in atrophic cyst remnants. The origin of the 
connective tissue in cirrhotic livers has long been a matter for specu- 
lation. The evidence presented in this paper strongly supports the 
view that in experimental dietary cirrhosis in rats, the fibrous tissue 
in the trabeculae represents a consolidation (without proliferation) of 
the reticular stroma. Reticulin in the form of single, fine strands 
originally surrounded each liver cell which became incorporated in 
the walls of cysts. Sixty or more cells have been demonstrated? in 
serial sections of the walls of single large cysts. With involution of a 
cyst, reticulin surrounding this number of cells is concentrated to a 
fraction of the volume of the mature cyst. This adequately explains 
the amount of collagen fibers found in the trabeculae, without the need 
for postulating stromal proliferation. When neighboring fatty liver cells 
fuse to form small cysts and these in turn conjoin to form larger ones, 
the reticulin supporting the original cells will be pushed to the outside 
of the cyst in the same manner as that by which bile canaliculi may 
be displaced (Figs. 4 and 5). Thus a mature cyst becomes surrounded 
by a delicate open meshwork of reticular fibers. With atrophy of the 
cysts, these fibers can be observed in sections condensed around the 
shrunken walls. Eventually the fibers clump together in a single mass 
which is compressed to only a fraction of the volume taken up by 
either the mature cyst or the cells from which it was originally formed. 
In this way the normal stromal content of a volume of tissue originally 
equal to as much as 0.01 cmm. becomes condensed into a space repre- 
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sented by only a few micra in sections. Periportal proliferation of 
parenchyma will compress the fibers into longitudinal and annular 
strands as seen in the final lesion. 

Biochemical assays ** of the amount of hepatic fibrous tissue in 
cirrhotic rats have indicated an increase in the stroma. This might 
seem to imply that the trabeculae had been formed, at least in part, by 
proliferation of connective tissue. But formation of new reticular 
fibers, which accompanies the compensatory proliferation of paren- 
chyma in periportal nodules, could explain the increase in the total 
amount of hepatic stroma of cirrhotic livers, since the reticulin which 
surrounded atrophied or destroyed parenchyma in the centrolobular 
regions has at the same time persisted in the trabeculae. In experi- 
mental dietary cirrhosis in rats, there is no direct evidence that fibrous 
tissue proliferation occurs in the trabeculae, and the histologic ob- 
servations strongly suggest that the connective tissue appears by 
stromal condensation only. 

“New” bile channels are a prominent feature in the trabeculae, and 
these passages have been thought by many to arise by epithelial pro- 
liferation and budding. But it has already been shown’ that cysts 
which have ruptured into bile canaliculi frequently take on the appear- 
ance of atypical bile ducts (Fig. 52). If communications are estab- 
lished between a cyst lumen and several adjacent bile canaliculi, a 
space is thus formed which is in continuity with the biliary tree and 
is lined by the atrophic, dedifferentiated hepatic cells which originally 
formed the cyst wall. The ruptured cyst has then assumed the morpho- 
logic criteria of a section of a true biliary passage. Cysts frequently 
form in chains (Figs. 11 and 12) which correspond to the original 
cord-like structure of the hepatic parenchyma. A number of such 
chains may eventually rupture into bile canaliculi, and thus long nar- 
row spaces or channels lined by simple epithelium are formed. In 
sections of cirrhotic livers in which the bile duct had been injected 
with India ink, new bile passages formed in this manner are filled with 
the injected material (Figs. 54 and 55). Therefore, these ducts are 
not blind passages, but are continuous with the entire biliary tree. 
Thick, cleared specimens of livers which have been intravascularly 
injected with ink facilitate visualization of the relationships involved 
(Figs. 46 and 47). As liver lobules are arranged frequently in petal 
form around main branches of the portal vein (Fig. 46), there are 
several points at which centrolobular areas lie very close to main 
portal canals. At these regions it is possible to demonstrate links be- 
tween the newly formed bile passages lined by epithelium and the 
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main branches of the bile duct (Fig. 48). Thus atrophic fatty cysts 
may become converted into functional bile passages without prolifera- 
tion or budding of the epithelium lining the original bile ducts. This is 
in agreement with the fact that mitotic figures in epithelium of bile 
ducts have not been reported in cirrhosis of this type. 

From the foregoing it is evident that it is unlikely that the “fibrous” 
trabeculae in livers of these cirrhotic rats arose by proliferation of 
new tissue elements. Instead, the trabeculae represent compressed and 
atrophied remnants of hepatic parenchyma and stroma which have 
been rendered functionless by the effects of prolonged and excessive 
accumulation of fat due to choline deficiency. 


The Cirrhogenous Nature of Fatty Cysts 


In many hundred sections of cirrhotic livers of choline-deficient rats, 
hepatic fibrosis has never been found in the absence of fatty cysts or 
their atrophic remnants; conversely, the greater the number of fatty 
cysts or their remnants, the greater has been the fibrosis. There is a 
constant demonstrable association at every stage in the pathogenesis 
of cirrhosis of this type with the formation and involution of fatty 
cysts. Every aspect of the anatomical lesions can be related directly 
or indirectly to abnormal accumulation of fat in the liver, which is, 
accordingly, the basic lesion responsible for all other changes. The 
latter must therefore be regarded as secondary to the fatty change. 
The sequence of events can be recapitulated briefly as follows. 

Intracellular accumulation of lipid in the parenchyma leads to the 
formation of pathologic cysts filled with lipid which has become extra- 
cellular during this process. Fat escapes from nearly every cyst which 
attains a diameter (in paraffin sections) of 80 to 100 » and enters 
either the biliary or vascular system. Release of fat from cysts leads 
to their shrinkage with accompanying condensation of the reticular 
stroma which supported the cells in their walls. Remnants of cysts 
which have ruptured into bile canaliculi persist as “new” epithelium- 
lined biliary passages. Red cells, masked as deposits of ceroid, may 
persist in cysts which have ruptured into sinusoids. By compensatory 
hypertrophy and hyperplasia, the periportal parenchyma replaces liver 
tissue lost in the formation and destruction of cysts in non-portal re- 
gions. Increase in the total amount of fibrous tissue in cirrhotic livers 
probably is due to the formation of new reticulin in the regions of 
periportal hypertrophy along with simultaneous persistence of con- 
densed reticulin which surrounded cysts before they shrank or dis- 
appeared. Many of the cardiac, pulmonic, and renal lesions which 
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are found in rats fed hypolipotropic diets for many months may be 
regarded as manifestations of fat embolism of these organs from the 
liver. Thus all these pathologic processes are secondary to the basic 
lesion, é.e., excess accumulation of lipid in the liver. 

The evidence for the above sequence of events has been presented 
in detail and illustrated in photomicrographs. The chain of these 
pathologic changes in cats fed diets low in choline constitutes con- 
vincing evidence that accumulation of fat in the livers of these animals 
is the direct cause of the cirrhotic lesions. The available data indicate 
to us that there is nothing to justify the view that the fatty and fibrotic 
lesions are separate or independent manifestations. Indeed, the natural 
history of the cirrhotic lesions clearly shows that the fibrosis should 
be regarded merely as the morphologic end-product which inevitably 
results if a group of hepatic cells are increasingly overloaded with fat 
for a sufficient period. The extrusion of intracellular fat in an intra- 
cystic, extracellular form is the necessary and essential metaplastic 
link between the two lesions, fatty and fibrotic. 


Intranuclear Fat Droplets 


There are few available reports concerning the presence of ctninalip 
fat droplets within the nuclei of parenchymal cells of the liver. Han- 
ser ** made brief reference to this condition in cases of cirrhosis in: 
man. During the actively progressing stages of cirrhosis, in an appre- 
ciable number of hepatic nuclei of almost every rat which had been 
fed the low-choline diet for a year or more, small droplets of stainable 
fat could be demonstrated. These intranuclear lipid aggregates re- 
sembled those found in the cytoplasm in that their number varied 
inversely with their size (Figs. 20 and 51). The largest droplets which 
have been encountered within nuclei are equal in size to a nucleolus. 
Droplets frequently have been found within nuclei which appear 
normal in every other regard: Histochemical tests of the intranuclear 
stainable fat indicate that it is probably a triglyceride. The signifi- 
cance of stainable fat within hepatic nuclei in experimental dietary 
cirrhosis of rats fed choline-deficient diets is not apparent as yet. 


Fatty Cysts in Livers of Human Subjects 


Frozen sections of livers, kidneys, and lungs from a necropsy series 
of 30 cases of alcoholism * have been examined® Cysts have been 
identified (Figs. 56 and 57) in every case in which fatty cirrhosis has 


*This material was supplied through the courtesy of Professor William Boyd, De- 
partment of Pathology, University of Toronto. 
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been encountered in an active stage of the disease. Small amounts of 
embolic fat within the vessels of both lungs and kidneys (Fig. 58) 
have been detected in a number of cases. These findings suggest that 
a sequence of pathologic changes which are similar to those described 
for choline-deficient rats may occur in the cirrhosis associated with an 
excessive intake of alcohol by human subjects. This problem is now 
under investigation in the Department of Pathology, University of 
Toronto. 

It has been established **-”° that choline, restored to the diet of ani- 
mals which have been fed a hypolipotropic diet for skort periods, 
rapidly mobilizes the hepatic lipid which has accumulated during the 
time of dietary deficiency. Due to the brevity of the periods of choline 
deficiency in these experiments, it is likely that the liver fat would 
have been stored chiefly in intracellular form. Investigations in prog- 
ress * indicate that extracellular (intracystic) fat resulting from longer 
periods of dietary deficiency of choline also may be mobilized when 
choline is restored to the diet, but that this occurs much more slowly 
than when lipids are intracellular. The data already at hand indicate 
that the clinical pathologist should distinguish between intracellular 
and extracellular forms of hepatic lipids, as the significance of these 
two types may be quite different. 

Perhaps substances other than fat, such as glycogen, water, and 
even protein, may not always be stored within single cells under con- 
ditions of abnormal accumulation. Is some of the accumulated gly- 
cogen found in von Gierke’s disease intracystic rather than merely 
intracellular? It is conceivable also that the principle of pathologic 
cyst formation as an extension of excessive intracellular storage of a 
substance may apply to organs other than the liver. 


Microscopic Diagnosis of Fatty Cysts 


Sometimes it may be difficult to determine whether stainable fat is 
actually extracellular (intracystic) or intracellular. Small droplets 
within the cytoplasm are easily recognized as intracellular, and, at the 
other extreme, the fat in very large cysts (Fig. 9) may be identified 
with equal ease as extracellular. Fat in shrunken cysts is surrounded 
by several nuclei of the cyst wall in a single section (Figs. 26 and 55) 
and the resultant multinucleate nature of the cyst is apparent, thus 
facilitating diagnosis; but in a tangential section of a small cyst (com- 


* These experiments are being conducted by Professor E. A. Sellers, Department of 
Physiology, University of Toronto, and by one of us (W. S. H.). The results will be re- 
ported in detail elsewhere. 
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posed of only 4 to 8 cells) extracellular fat may appear indistinguish- 
able from a large intracellular conglobate of fat. In such cases, several 
serial sections may be necessary to determine if the cytoplasm of only 
one cell contains the fat, or if several cells have joined to form a small 
cyst in which the fat is held. Serial sections will seldom be necessary, 
because, whenever extracellular fat is present, cysts will almost always 
be found in every stage of formation and shrinkage. Thus large cysts 
and involuting cysts (as indicated above) will indicate clearly that 
some of the fat is extracellular, and the determination of the exact 
distribution of the lipid in doubtful regions will ordinarily not be of 
importance as long as it has been recognized that fat of both types is 
present. 
SUMMARY 

In a previous communication,’ the structure, formation, and involu- 
tion of pathologic fatty cysts (lipodiastemata) in the livers of rats fed 
a diet low in choline were reported. The manner in which lipid escapes 
from fatty cysts is described in the present paper. 

Cysts may rupture into either a bile canaliculus or hepatic sinusoid. 
In the first instance the fat released from the cyst escapes into the biliary 
tree and may be demonstrated within the lumina of bile canaliculi and 
ducts. In the second case, fat droplets enter the vascular system. 

Droplets of stainable fat were found as emboli in the vessels of the 
heart, lungs, and kidneys. 

The series of morphologic changes undergone by red blood cells 
found in ruptured fatty cysts suggests that the erythrocytes may be- 
come closely bound to ceroid so that they are often indistinguishable 
from other deposits of this pigment. 

The trabeculation in experimental dietary cirrhosis represents a con- 
densation rather than a proliferation of the pre-existing stroma. The 
bile passages in the trabeculae may be derived to a large extent from 
cysts which have ruptured into biliary canaliculi. 

Brief reference is made to the presence of fatty cysts in human 
subjects. Small fat emboli in the glomerular loops of the kidney of man 
are illustrated as found in cases of alcoholism. 

An attempt has been made to reconstruct the sequence of events 
hich leads to the development of the typical histologic lesions of 
cirrhotic livers of rats fed choline-deficient diets. Accumulation of 
excess fat within cysts in the liver appears to be the primary etiologic 
factor which is responsible in turn for the secondary fibrosis and 
nodular hyperplasia. 
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J The microscopic identification of large fatty cysts in ordinary paraffin 
sections is possible if the cysts are of sufficient size, so that a single 
cut includes several of the nuclei in the cyst wall. In a random section of 
a shrunken cyst, many more of the nuclei in its wall are usually included, 
thus facilitating its identification. 

Mrs. Kathleen Henderson assisted with the preparation of photomicrographs. 
We are indebted to Mrs. Louise Gordon for the execution of the diagrams in 
Figures 1 to 6. We also wish to thank Miss Maria Wishart, Director of the School 


of Medical Art, University of Toronto, for her generous interest in planning these 
illustrations. 


REFERENCES 


1. Hartroft, W. S. Accumulation of fat in liver cells and in lipodiastaemata pre- 
ceding experimental dietary cirrhosis. Anat. Rec., 1950, 106, 61-87. 

2. MacLean, D. L., and Best, C. H. Choline and liver fat. Brit. J. Exper. Path., 
1934, 15, 193-199. 

3. Hartroft, W. S. The Locus of the Beginning of Dietary Cirrhosis. Transactions 
of the Eighth Conference on Liver Injury. Josiah Macy, Jr. Foundation, 
1950, pp. 126-155. 

4. Chaikoff, I. L., Connor, C. L., and Biskind, G. R. Fatty infiltration and 
cirrhosis of the liver in depancreatized dogs maintained with insulin. Am. 
J. Path., 1938, 14, 101-110. 

s. Copeland, D. H., and Salmon, W. D. The occurrence of neoplasms in the 
liver, lungs, and other tissues of rats as a result of prolonged choline 
deficiency. Am. J. Path., 1946, 22, 1059-1079. 

6. Beveridge, J. M. R., and Lucas, C. C. The effect of dietary fat on the lipo- 
tropic action of inositol. J. Biol. Chem., 1945, 157, 311-321. 

7. McCollum, E. V., and Simmonds, N. A study of the dietary essential, water- 
soluble B, in relation to its solubility and stability towards reagents. 
J. Biol. Chem., 1918, 33. 55-89 (see p. 63). 

8. Wilson, W. A trichrome method for staining fat with oil red O in frozen 
sections. J. Tech. Methods, 1950, 31, 216-220. 

9. Christensen, K. A. Cited by: Griffith, W. H. In: The relation of choline 
to the kidneys. Biol. Symposia, 1941, 5, 193-212. 

to. Hartroft, W. S., and Best, C. H. Lipoid substance in the cells of proximal 
convoluted tubules of the kidneys of young rats on a choline-deficient diet. 
Science, 1947, 105, 315. 

11. Hartroft, W. S. Pathogenesis of renal lesions in weanling and young adult 
rats fed choline-deficient diets. Brit. J. Exper. Path., 1948, 29, 483-494. 

12. Kimmelstiel, P., and Wilson, C. Intercapillary lesions in the glomeruli of the 
kidney. Am. J. Path., 1936, 12, 83-97. 

13. Hartroft, W. S. Jn vivo and in vitro production of a ceroidlike substance from 
erythrocytes and certain lipids. Science, 1951, 113, 673-674. 

14. Lillie, R. D., Ashburn, L. L., Sebrell, W. H., Daft, F. S., and Lowry, J. V. 
Histogenesis and repair of the hepatic cirrhosis in rats produced on low 
protein diets and preventable with choline. Pub. Health Rep., 1942, 57, 
502-508. 


| 


15: 


19. 


HARTROFT AND RIDOUT 


Victor, J., and Pappenheimer, A. M. The influence of choline, cystine, and 
of alpha-tocopherol upon the occurrence of ceroid pigment in dietary cir- 
thosis of rats. J. Exper. Med., 1945, 82, 375-383. 


. Gyédrgy, P., and Goldblatt, H. Further observations on the production and 


prevention of dietary hepatic injury in rats. J. Exper. Med., 1949, 89, 
245-268. 


. Morrione, T. G. Quantitative study of collagen content in experimental cir- 


thosis. J. Exper. Med., 1947, 85, 217-226. 

Hanser, R. Atrophie, Nekrose, Ablagerungen und Speicherungen (sog. Degen- 
erationen). In: Henke, F., and Lubarsch, O. Handbuch der speziellen 
pathologischen Anatomie und Histologie. J. Springer, Berlin, 1930, 5, Pt. 1, 
p. 161. 

Best, C. H., Ferguson, G. C., and Hershey, J. M. Choline and liver fat in 
diabetic dogs. J. Physiol., 1933, 79, 94-102. 

Best, C. H., and Huntsman, M. E. The effect of choline on the liver fat of 
rats in various states of nutrition. J. Physiol., 1934-35, 83, 255-274. 


968 
18. 
= 
: 20. 


Iustrations follow } 


E 
at 


DESCRIPTION OF PLATES 


PLATE 145 


Fic. 1. Three-dimensional diagram to show relation of liver cells to bile canaliculi 


and sinusoids. A group of eight cells in the upper portion of the figure lies 
next a sinuso‘d. The bile canaliculi, here represented as small, dark tubes, 
course around and between the parenchymal cells. The lower group of eight 
cells are somewhat swollen by small droplets of intracellular lipid shown as 
light areas on the right. 


. 2. Three-d'mensional diagram to show the appearance of liver cells after 


they have been distended by large intracellular conglobates which have dis- 
placed the nuclei to one side. The transected cells in the upper portion are 
shown filled with the fat which has been omitted in the lower four transected 
cells so that their interiors may be revealed. 


Fic. 3. Three-dimensional diagram to illustrate the formation of first generation 


fatty cysts. Ruptures in the thin, compressed membranes between adjacent, 
fat-filled cells are permitting the coalescence of lipid from the four neighbor- 
ing cells. It may be noted that the bile canaliculi have been shown displaced 
to one side of the sites of the rupture so that these have escaped rupture. 
For comparison with Figure 2. 


Fic. 4. Three-dimensional diagram to illustrate the appearance of the newly 


Fic. 


formed cysts. Each has been formed from a group of four cells, the nuclei 
of which can be seen in the upper two shown as transected. The displaced 
bile canaliculi, which thus escaped rupture at the time of cyst formation, 
now course over the surfaces of the cyst but do not communicate with their 
lumina at this stage. 


5. Three-dimensional representation of rupture of a cyst into bile canaliculi 
(above) and a sinusoid (below). These cysts have formed each by coalescence 
of two of the smaller cysts shown in Figure 4. In the lower cyst, bile can- 
aliculi were not displaced at the time of the rupture of the membrane sepa- 
rating the smaller cysts (just beginning in Figure 4) and so were torn at the 
same time. As shown by the arrows, the lumina of the large cyst now com- 
municate at several points with the ruptured canaliculi. A similar process has 
produced a communication between the sinusoid and the lumen of the upper 
cyst so that blood is entering the cyst and fat is entering the sinusoid. 


Fic. 6. Three-d'mensional representation of a large cyst which has established 
communications with two sinusoids by a process similar to that illustrated in 
Figure 5. Blood is entering the cyst by the sinusoid at the left, and blood 
and fat are leaving by the one at the right. Eventual collapse of such a cyst, 
when all lipid has been washed out, with atrophy of the epithelial wall will 
leave little trace of its former presence. 
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The photomicrographs shown in Figures 7 to 55 inclusive are made from 
sections from rats fed the basal choline-deficient diet for periods varying from 
10 to 16 months (with the exceptions of Fig. 22 from a control animal fed a 
choline-supplemented diet, and of Fig. 26 from a rat fed the basal diet supple- 
mented with tocopherol). 
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7. Liver. Four pairs of fatty cysts are shown in the field either in the process 
of fusing to form larger ones, or at the stage just preceding fusion. Frozen 
section, Wilson’s stain.S XX 300. 


8. Liver. Oil immersion view of fatty cyst just after the membrane between 
two smaller ones has ruptured so that a single larger one is being formed. 
The hourglass shape of newly formed or newly enlarged cysts is characteristic. 
Of note are the surrounding nuclei in the cyst wall. Frozen section, Wilson’s 
stain. X 500. 


.g. Liver. Two bile canaliculi, indicated by arrows, are shown in relation to 


two large fatty cysts. These canaliculi (which are actually continuous, although 
not in this section) lead up to the compressed intercystic membrane. The 
canaliculus has been displaced out of the plane of sectioning by com- 
pression of the intercystic membrane. Rupture of the membrane in the plane 
of the section would not tear this canaliculus which is out of the way of 
injury. Paraffin section, hematoxylin and eosin stain; photographed with the 
phase-contrast microscope. XX 500. 


10. Liver. The bile canaliculi are filled with ink injected into the main bile 
duct at the time the animal was sacrificed. The canaliculus (black) at the 
left of the field runs over the surface of two cysts, but not between them. 
That to the right of the center of the field runs between two cysts in the 
thinned membrane separating them. If this membrane should rupture so 
that a larger cyst is formed from the two it separates, the canaliculus would 
be torn if it was not first displaced. Tearing of an intramembranous bile 
duct in this manner produces a communication between the lumen of the 
newly formed cyst and the biliary tree so that fat may be released from the 
cyst into the biliary system. Paraffin section, hematoxylin and eosin stain. 
X 500. 


11. Liver. A sinusoid, partly filled with red cells, is shown coursing along 
the surface of three large cysts which have formed a chain. As this sinusoid 
is not caught between any of the intercystic partitions, it is not likely to be 
torn in any fusions between the three cysts in the field. This may be com- 
pared with the sinusoid shown in Figure 12. Paraffin section, hematoxylin and 
eosin stain; photographed with the phase-contrast microscope. X 500. 


12. Liver. Between the largest cyst in the field and that on the right, a 
sinusoid partly filled with compressed red cells passes between the adjacent 
walls of the fatty cysts. If the sinusoid remains in this position and if the 
intercystic partition is ruptured, it can be seen that a communication between 
the lumen of the newly formed larger cyst and that of the torn sinusoid 
would result. Paraffin section, hematoxylin and eosin stain. XX 500. 
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13. Liver. The annular, non-portal distribution of fatty cysts is shown in 
this low-power photograph. The portal area (ink-filled vessels) occupies the 
center of the field. Central veins at the periphery are linked together by a 
wide band of fatty cysts filled with extracellular lipid (black). Small amounts 
of intracellular fat (small black dots) are present in the periportal, non-cystic 
parenchyma. Frozen section, Wilson’s stain. X 200. 


14. Bile canaliculi (filled with black ink) are shown entering the field at the 
right and communicating with the lumen of the cyst in the center, which is 
filled with fat (gray). The ink has entered the lumen of the cyst but is 
confined to a small space between the contained fat and the cyst wall. Frozen 
section of liver of rat injected with ink through the bile duct at the time 
of sacrifice. Wilson’s stain. X 1000. 


15. Liver. A large cyst fills the center of the field. It is only partly filled 
with lipid, which clings to the inner sides of the cyst wall in the form of a 
crescentic rim. In the lower right quadrant of the cyst wall, a free com- 
munication exists between the lumen of the cyst and that of a bile canaliculus. 
Droplets of fat can be seen breaking from the tip of the crescentic rim of 
lipid and entering the bile canaliculus. The fat which has left the cyst in 
this manner presumably has been replaced with refluxed fluid from the bile 
canaliculus. Frozen section, Wilson’s stain. X 650. 


16. Liver. The field contains a large cyst only partly filled with fat. At the 
upper right quadrant of the cyst wall and at the lower and central point (be- 
tween 5 and 6 o’clock), small droplets of fat may be seen leaving the cyst 
through small bile canaliculi. Frozen section, Wilson’s stain. goo. 


17. Liver. The field shows a bile channel in the fibrous trabecula of a cir- 
rhotic liver. The main bile passage (entering field at lower left) is filled with 
ink (black in photograph). This passage communicates with an irregular cyst 
(center) partly filled with black ink and lipid (gray). Frozen section, Wilson’s 
stain. X goo. 
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18. Liver. A large retort-shaped cyst is seen in the upper portion of the field. 
From the cyst, droplets of fat (dark gray or black) may be seen entering 
the sinusoid which leads through the center of the field toward the bottom 
of the photograph. A few red cells in the sinusoid appear as pale, shadowy 
ellipsoids. Frozen section, Wilson’s stain. X 700. 


1g. Liver. A sinusoid cut in longitudinal section passes from the lower right 
corner of the field to the upper left where it is plugged by a large cylindric mass 
of fat (black). Two red blood cells (pale gray) can be seen at the lower 
right edge of the lipid plug. Frozen section, Wilson’s stain. X 800. 


20. The bile canaliculi in the right and lower portions of the field contain 
small chains of fat droplets (black) in this periportal region of a liver lobule. 
Three of the nuclei in the field contain small droplets of intranuclear fat. 
Frozen section, Wilson’s stain. > 800. 


21. Nearly every bile canaliculus in the field contains small droplets or plugs 
of fat (black) in this periportal region of the liver. Frozen section, Wilson’s 
stain. X 800. 


22. The normal pattern of the biliary tree seen after injection of India ink 
under low pressure into the bile duct. Thick (100 ») slice of liver cleared 
in benzyl benzoate. X 25 and 100 (inset). 


23. Many ink-filled fatty cysts may be seen at the ends of injected canaliculi 
along the edges of the fibrous trabeculae in this cirrhotic liver. Inset shows 
this in detail for one cyst. Preparation and magnifications as for Figure 22. 
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24. Liver. At the top is a large branch of the hepatic vein partly filled with 
a crescentic mass of fat (black) and red cells (mottled gray). Leading from 
this vein a tortuous sinusoid, also containing both red cells and small fat drop- 
lets (black), can be traced to the bottom of the field where a ruptured cyst 
partly filled with erythrocytes is seen. Frozen section, Wilson’s stain. X 200. 


25. The ruptured cyst shown at the bottom of Figure 24 is enlarged in this 
illustration. The crescentic mass of fat (black) is leaving the cyst and enter- 
ing the sinusoid leading from the cyst to the bottom of the field. Red cells 
(gray) are entering from the sinusoid and replacing the fat. Same preparation 
as for Figure 24. X 800. 


26. A large cyst is shown partly filled with red blood cells. The cyst above 
this and slightly to the right contains four nuclei in its wall. Other cysts 
in varying stages of involution are shown at the top. The rat from which 
this section of liver was prepared received the basal diet plus a supplement 
of alpha-tocopherol. Paraffin section, hematoxylin and eosin stain. X 500. 


27. Liver. The center of the field is occupied by a ruptured fatty cyst which 
communicates with sinusoids at the upper right, upper left, and lower mid- 
portions of the field. The cells of the cyst wall have become dissociated and 
are atrophic. Red blood cells have entered the remains of the cyst, separating 
the cells of the wali atid surrounding the fat vacuole. Paraffin section, hema- 
toxylin and eosin stain; photographed with the phase contrast microscope. 
X 600. 


28. Liver. The fatty cyst in the upper right corner of the field communicates 
with the sinusoid which runs toward the lower left. Fat may be seen leaving 
the cyst and entering the sinusoid in a single large mass (black). At the upper 
right corner, the cyst may be seen to communicate with another sinusoid at 
the edge of the field. The crescentic form of the lipid which remains in the 
cyst is characteristic of fat in cysts partly emptied of their lipid content. Frozen 
section, Wilson’s stain. X 700. 
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29. A large branch of the hepatic vein in a trabecula of a cirrhotic liver. 
The lumen of the vein is completely filled with a mass of fat (black) in 
which a few red cells are clumped (upper portion of lumen of vein). Frozen 
section, Wilson’s stain. X 750. 


30. A small capillary may be seen running between strands of cardiac muscle 
from the lower right to the upper left corners of the field. Several small fat 
emboli (black) may be seen in the capillary; the largest in the center of the 
field is elliptical. Frozen section, Wilson’s stain. XX 800. 


31. Heart. An area of focal necrosis composed of degenerating cardiac muscle 
and fibrous tissue is seen in the central and left portions of the field. The 
dark areas are masses of calcium salts deposited in the region. Frozen section, 
Wilson’s stain. X 300. 


32. Lung. In the center of the field is a transected septal capillary in the 
wall of an alveolus. The lumen of the capillary is filled with a solid plug 
of ceroid (black). Paraffin section, oil red O and hematoxylin stains. X 800. 


33. Lung. The arteries and arterioles in the low-power view of this region 
of the lung contain numerous embolic droplets of fat (black). A representa- 
tive area enlarged in the inset (upper left) shows a septal capillary, sectioned 
longitudinally, in which three or four fat droplets (black) can be seen. Some 
of the fat appears to be passing through the capillary wall into the lumen of 
the adjoining alveolus and entering pulmonic macrophages. Frozen section, 
Wilson’s stain. 100 and 400 (inset). 


34. Lung. Masses of swollen, lipid-filled macrophages (dark) have en- 
gorged the lymphoid tissue surrounding a bronchiole present just below and 
outside the field illustrated. A representative macrophage is shown in the 
inset (upper left) under higher magnification. The cytoplasm of this cell is 
filled with innumerable lipid droplets (black). Frozen section, Wilson’s stain. 
X 100 and 500 (inset). 
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35. Kidney. Masses of fat (black) mixed with red blood cells (gray) are 
present in the interlobular arteriole (cut longitudinally in the lower portion 
of the field) and in the capillary loops of the glomerulus. Frozen section, 
Wilson’s stain. XX 400. 


36. Kidney. Nearly all of the capillary loops of this glomerulus are distended 
and plugged with masses of fat (black). Frozen section, Wilson’s stain. X 500. 


37. Kidney. A single capillary loop which has been transected is shown in 
the central portion of the field. An endothelial cell is shown at one side of 
the capillary lumen which is completely filled with embolic fat (black). The 
space of Bowman (lower portion of field) contains a few small lipid droplets. 
Frozen section, Wilson’s stain. X goo. 


38. Kidney. The anima! from which the section illustrated was prepared 
was injected intravascularly with India ink at the time of sacrifice. In the 
glomerulus shown, most of the capillary loops are filled with the injection 
mass (black) but those in the upper right quadrant of the structure have not 
received the ink for they are blocked by small droplets (gray to dark gray) 
of fat. Frozen section, Wilson’s stain. X 400. 


39. Kidney. Several of the capillary loops of the glomerulus which fills the 
field are blocked by embolic plugs of fat (black). The capillary loops in the 
lower and central portion of the glomerulus are congested and distended with 
arrested erythrocytes which appear clumped and irregular in outline. These 
red cells are in an early stage of disintegration. Frozen section, Wilson’s stain. 
X 550. 


40. Kidney. In this paraffin section from the kidney illustrated in Figure 309, 
focal hyaline masses are present in and between some of the glomerular 
capillaries (right of center). This lesion is not unlike that described by 
Kimmelstiel and Wilson.12 The close morphologic relationship of this lesion 
to that illustrated in Figure 39 suggests that they may be different stages of 
the same pathologic process. Paraffin section, hematoxylin and eosin stain. 
X 550. 
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.41. Kidney. Hemosiderin casts and hemosiderin deposits in the walls of renal 


tubules. Paraffin section, Prussian blue stain. X 350. 


.42. Granules of hemosiderin pigment in the cytoplasm of cells lining the 


proximal convoluted tubules. Preparation as for Figure 41. 


43. Kidney. The medullary tubules are filled with innumerable casts of in- 
tensely sudanophilic lipid (black). The inset under higher magnification shows 
some of these casts undergoing calcification. Frozen section, Wilson’s stain. 
X 100 and 500 (inset). 


44. Liver. This field illustrates stages in the formation of ceroid pigment in 
ruptured cysts (liver). The cyst shown in the lower left of the field contains 
recognizable red cells. That sectioned tangentially in the upper portion of 
the field shows red cells which are breaking up and losing their outlines. The 
cyst shown at the lower right contains a few red cells, still recognizable as 
such, plus globules of ceroid. The ceroid globules are of the same order of 
size as the altered red cells. Paraffin section, stained to demonstrate ceroid, 
using Wilson’s stain. X 700. 


45. Liver. Further stages in the formation of ceroid. Several ruptured cysts 
in various stages of involution are shown in the field. They are filled with 
erythrocytes, or erythrocytic débris, in the process of becoming sudanophilic 
(ceroid-like). The dark areas in the field were stained shades of red with oil 
red O, and the lighter areas with light green. Note how the material in the 
shrunken cysts merges almost imperceptibly from the one shade to the other. 
Frozen section, Wilson’s stain. X 500. 


46. The lobular pattern of a rat’s liver in the early stages of dietary (choline- 
deficiency) cirrhosis. The vessels were injected with India ink when the 
animal was sacrificed. The relatively clear areas represent early central and 
non-portal fibrosis. A large branch of a portal vein occupies the center of 
the field. There is a petal-like arrangement of lobules around this portal area. 
Thick (100 ,) slice of liver tissue photographed after clearing. X 30. 
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47. Higher magnification of a portion of the field shown in Figure 46. The 
lower right portion contains the portal vein. The infolding centrolobular areas 
closely approach the portal area at several regions, where only small amounts 
of parenchyma (indicated by the injected sinusoids) separate portal and cen- 
tral areas. Preparation as for Figure 46. XX 150. 


48. Liver. A fibrous trabecula is shown at the left. Bile passages in this area 
may be seen communicating with portal biliary ducts. It is probable that at 
such regions “new” bile passages, formed from chains of involuting cysts 
which have ruptured into bile canaliculi, communicate with main branches 
of the bile duct. Paraffin section, reticulin stain (silver). X< 200. 


49. Liver. Hemosiderin deposits in and around shrunken cysts in the fibrous 
trabeculae of cirrhotic liver. The rat from which this preparation was made 
received a supplement of tocopherol. Paraffin section, Prussian blue stain. 
X 350. 


so. Liver. ‘“Macrocysts” in the liver of a choline-deficient rat. The lining 
of these cysts, although much stretched and thinned, resembles that of the 
usual fatty cysts found in these livers. Groups of these cysts can sometimes 
be seen with the naked cye. Paraffin section, hematoxylin and eosin stain. 
X 8o. 


51. Liver. The nucleus above and in the central portion of the field contains 
many droplets and small rods of stainable fat (black) surrounding the nucle- 
olus. The nucleus below this also contains stainable fat in small masses 
(black), but differs from the upper nucleus in that it is undergoing degener- 
ative changes. Frozen section, Wilson’s stain. XX 1000. 


52. Liver. The appearance of “fibrous” trabeculae in the liver of a choline- 
deficient rat. The amount of connective tissue in this type of preparation 
appears deceptively great. For comparison with Figure 53. Paraffin section, 
hematoxylin and eosin stain. X 550. 
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53. Liver. A region similar to that illustrated in Figure 52, but stained for 
connective tissue. The only materials which take the connective tissue stain 
are a few fibrils scattered throughout the field and compressed at the right of 
the band. The remainder of the trabecula is composed of “new” bile ducts, 
and shrunken cyst remnants partly filled with globules of ceroid. Paraffin 
section, azocarmine, aniline blue and orange-G stains. X 550. 


54. Liver. In the fibrotic region shown, a network of bile passages filled with 
ink injected through the main bile duct can be seen. Their relations to cysts 
filled either with fat (gray) or ink (black) may be noted. Surrounding this 
network of biliary vessels, the parenchyma has been completely replaced by 
fibrous tissue and cyst remnants. Frozen section, Wilson’s stain. X 380. 


55. Liver. “New” bile passages filled with ink, which had been injected into 
the main bile ducts, are seen coursing through a trabecula. Shrunken cysts, 
some filled with ceroid globules, lie between the injected ducts. There is a 
simple epithelial lining surrounding the ink. Paraffin section, hematoxylin and 
eosin stain. X 450. 


Fics. 56 to 58 inclusive are photomicrographs of sections of tissues obtained at 


necropsy from cases of alcoholism in man. The preparations illustrated are all frozen 
sections stained by Wilson’s technic. 


Fic. 


FIc. 


Fic. 


56. Liver. Two fatty cysts in the process of fusing to form a single, even 
larger structure. Fat appears black. XX 400. 


57. A single, giant fatty cyst in the liver of an alcoholic patient. At the left 
(at approximately ro o’clock on the periphery of the cyst) a small extrusion 
of fat may be seen between two of the cells forming the wall of the cyst. 
This fat appears to be entering a small bile canaliculus between the two cells, 
the lumen of which communicates with that of the cyst. XX 400. 


58. Glomerulus in kidney of alcoholic patient. The dark cylindric mass in 
the glomerulus represents a capillary loop which has been completely plugged 
with embolic fat. X 250. 
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INFLAMMATION AND REPAIR OF THE GLOMERULUS * 
B. Jones, M.D. 


(From the Department of Pathology, State University of New York, Medical Center 
at Syracuse University, Syracuse 10, N.Y.) 


For many years inflammation and repair in the glomerulus have been 
considered by most investigators as being distinct from similar processes’ 
in the rest of the body in that the endothelium is theoretically responsible 
for all glomerular scarring.” MacCallum® was the outstanding oppo- 
nent of this concept. His concept was that the glomerulus responds to 
inflammation in a manner similar to that of the rest of the body. This 
theory has not received much notice and for this reason it is believed 
that a further evaluation of his hypothesis is in order. 


METHODS 


Formalin fixed, paraffin imbedded material was used exclusively. 
All sections were cut at 2 p, as it was found that thicker sections re- 
sulted in a tremendous loss of detail, and interpretation became almost 
impossible. MacCallum’s crystal violet basement membrane stain,* 
McManus’ periodic acid-Schiff’s reaction,* Masson’s trichrome stain 
(Foot’s variant),®° Mallory’s azan stain (Heidenhain’s variant),* 
Wilder’s reticulum stain,’ and a periodic acid silver stain were used in 
this study. The periodic acid-Schiff’s reaction and the periodic acid 
silver reaction were found to be the most satisfactory, although for 
speed MacCallum’s stain was the best. Subsequent microscopic de- 
scriptions refer to the periodic acid-Schiff’s stain. 

Jarvi and Levanto * have used diamino silver solutions to demon- 
strate aldehydes produced by chromic acid or periodic acid oxidation. 
A periodic acid silver reaction adapted to the kidney has been de- 
veloped in this laboratory. 


Procedure 


1. Formalin fixed, paraffin imbedded material cut at 2 to 4 p. 

2. Hydrated sections are placed in 0.5% periodic acid for 15 min. 

3. Wash well in distilled water (six changes), and place in Foot’s silver diamino 
hydroxide solution ® for 1 min. 

4. Three quick dips in 95% alcohol, than place in reducing solution for 1 min.: 
0.5 cc. neutral formalin; 1.55 cc. 1% uranium nitrate; 48.0 cc. distilled water. 

5. Wash well in distilled water (six changes), and repeat steps 3 and 4. 

6. Wash in distilled water, and tone in 0.2% gold chloride for 1 min. 

7. Wash in distilled water, and place in intensifying solution for 2 min.: oxalic 
acid, 2 gm.; 100% formalin, 1 cc.; distilled water, 100 cc. 


* Received for publication, February 28, 1951. 
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8. Wash in distilled water, and place in 5% sodium thiosulfate solution for 2 
min. 
9. Wash well in tap water, dehydrate, and mount. 


With this stain reticulin is stained black; nuclei, collagen, basement 
membranes, and interstitial tissue of the glomerulus are stained a rich 
brown-black; and cytoplasm is stained shades of gray. Although not 
quite as precise as the McManus stain, a dramatic, sharp picture is 
produced which is perhaps more suitable for demonstration or photog- 
raphy. 

THE NorMAL GLOMERULUS 


Much of the difficulty in understanding glomerulonephritis is asso- 
ciated with imperfect understanding of the structure of the normal 
glomerulus, although it has been the subject of many investigations. 
In order to clarify the concept of a normal glomerulus, a study was 
carried out on a series of kidneys obtained at necropsy from patients 
under 30 years of age, and dying quickly of trauma, hemorrhage, acute 
poisoning, and other similar circumstances. 

From this investigation certain important facts and concepts were 
gained. The so-called basement membrane of the glomerular tuft is 
continuous at the hilus with the basement membrane of the parietal 
layer of Bowman’s capsule, which in turn is continuous with the base- 
ment membrane of the proximal convoluted tubule (Fig. 1). On the 
other hand, there is a lack of continuity between the connective tissue 
of the afferent and efferent arterioles and the basement membrane of 
the glomerular tuft. Thus from a morphologic point of view it seems 
logical that this basement membrane is anatomically related to the 
overlying epithelium and that it is coincidental that capillaries are so 
closely applied to it in the glomerular tuft. These facts coincide with 
MacCallum’s belief that the basement membranes of the glomerular 
tuft, the parietal layer of Bowman’s capsule, and the tubules are epi- 
thelial basement membranes. This basement membrane is reflected 
over the capillaries of the glomerular tuft in a manner similar to that 
of the peritoneal reflections over the bowel. Between the opposing 
layers of this basement membrane there is formed a space which is 
continuous with the interstitial tissue space at the hilus of the glo- 
merulus on one hand, and the tips of the lobules of the tufts on the 
other. In the normal kidney the walls of the capillary loops are so 
closely applied to the epithelial basement membrane that there is no 
visible continuation of this interstitial space between the capillary 
wall and the epithelial basement membrane. In certain pathologic 
conditions to be described subsequently, edema clearly separates these 
two structures so that the existence of a continuous interstitial space 
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between the epithelial basement membrane and all enclosed structures 
is Clear. 

In the child’s glomerulus the interstitial material is prominent and 
with the periodic acid-Schiff’s reaction each lobule of the glomerulus 
contains a central stalk of fuchsia-staining connective tissue substance 
on which the capillaries are suspended. With normal growth this stalk 
of supporting tissue is distorted, elongated, and attenuated by the 
elongation of the growing capillary loops, so that this structure is not 
readily recognized in routine examination of adult glomeruli. In this 
stalk of supporting tissue one can constantly find cells with small to 
moderately large vesicular nuclei, and a small amount of pale cyto- 
plasm. These cells are enclosed on all sides by the fuchsia-staining 
connective tissue of the stalk of the glomerulus (Fig. 2). Hereafter 
these cells will be called interstitial cells. Zimmermann *® and von 
Mollendorff ** have clearly described these cells and their surrounding 
connective tissue substance. Their illustrations beautifully demon- 
strate the structure and relationship of the interstitial cells of the glo- 
merulus. 

A series of 12 normal kidneys from persons of various ages up to 30 
years were studied to determine the relative numbers of epithelial cells, 
endothelial cells, and the cells of the interstitial space. Five repre- 
sentative glomeruli in each case were counted for the number of the 
three different cells present in order to obtain an average percentage 
relationship of these cells and the relation to maturation. In Text- 
figure 1 these relationships are expressed. It is clear that with 
maturation the marked predominance of epithelial cells is decreased so 
that at the end of the third decade the numbers of endothelial, epi- 
thelial, and interstitial cells are approximately equal: 

It appears that the cells lying in the interstitial space are connective 
tissue cells, due to their intimate relationship to the connective tissue 
fibrils of the stalk and their ability to lay down a connective tissue scar 
as seen in healing glomerular injury. These cells may well be com- 
parable to the undifferentiated perivascular connective tissue cells 
seen throughout the body. The fuchsia-staining material of the inter- 
stitial space must be considered connective tissue in spite of the fact 
that it is not stained by the “specific” silver reactions for reticulum. 
Its staining reactions are similar to those of the epithelial basement 
membrane and collagen. In scarred glomeruli stainable reticulum 
fibrils appear in the stalk of the glomerulus.® 

The walls of the capillaries of the kidney, whether in the glomerulus 
or not, are surrounded by an extremely delicate fuchsia-staining con- 
nective tissue material, the capillary basement membrane. In the 
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glomerular tuft this is visible only when edema separates the thick 
epithelial and delicate endothelial basement membranes. 


INFLAMMATION AND REPAIR OF THE GLOMERULUS 


With a background of this concept of the normal glomerular struc- 
ture the glomerulus of acute inflammation was studied by the periodic 
acid-Schiff’s reaction on sections 2 » thick. A series of 30 cases was 
studied: 9 of acute proliferative glomerulonephritis, 6 of acute exuda- 
tive and proliferative glomerulonephritis, and 15 cases of minor to 
major degrees of acute glomerulitis. In addition, 5 representative 
cases of chronic glomerulonephritis were studied. 

Previous investigators generally have attributed the increased cellu- 
larity of injured glomeruli to the proliferation of endothelial cells.” 
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Text-figure 1. Distribution of types of cells in the glomerular tufts of 12 cases in rela- 
tion to age. 


McGregor * has reviewed and summarized the marked predominance 
of opinion in favor of this belief. This hypothesis has been fostered 
primarily by the premise that the basement membrane of the glo- 
merulus is the basement membrane of the capillary endothelium and 
therefore any cells lying within this basement membrane must be either 
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blood cells or endothelial cells. In the normal glomerulus the endo- 
thelium is so closely applied to the basement membrane that it is diffi- 
cult to decide whether the basement membrane is epithelial or 
endothelial in relationship. 

As previously stated, there are certain facts which strongly indicate 
the epithelial ownership of the basement membrane, the continuity of 
tubular and glomerular basement membranes, and the distinct separa- 
tion of the basement membrane of the capillary endothelium of the 
glomerular tuft and the glomerular epithelial basement membrane by 
certain adventitious substances. In moderately severe secondary 
amyloidosis of the kidney the separation of the two can be distinctly 
seen*® (Fig. 3). In eclampsia the edema in the swollen glomeruli 
produces a beautiful separation of the endothelium and epithelial base- 
ment membranes. Here one can see in addition to the epithelial base- 
ment membrane, the exquisitely thin endothelial basement membrane. 
Some extremely delicate fuchsia-staining connective tissue fibrils con- 
nect these two structures (Fig. 4). Not only does this prove the 
basement membrane relationships, but it also establishes the presence 
of a delicate endothelial basement membrane and the presence of an 
interstitial space about the capillaries which is continuous with that of 
the rest of the kidney through the stalk. Finally, in acute glomerulo- 
nephritis in its earliest stages one may find examples of edema of the 
glomerulus which approach those seen in eclampsia (Fig. 6). In fully 
developed acute glomerulonephritis, the tremendously increased cellu- 
larity tends to obscure this feature. 

In acute exudative or acute intracapillary proliferative glomerulo- 
nephritis the full effect of glomerular inflammation is seen. In the 
study of these diseases a relatively orderly process of inflammation and 
repair like that in the rest of the body becomes apparent. Character- 
istically, as in any inflammation, the early changes are primarily 
exudative. If seen early, this may consist primarily of edema of the 
supporting stalk of the glomerulus and the pericapillary interstitial 
space (Figs. 6 and 5B). With severe injury, acute exudative glomerulo- 
nephritis, a cellular exudate of mononuclear cells and polymorphonu- 
clear neutrophils enters the interstitial space from the blood stream as 
in any inflammation (Fig. 7). At this time the edema becomes more 
marked. The pericapillary interstitial spaces and those of the stalk 
are so swollen with invading cells and edema that the epithelial base- 
ment membrane of an entire lobule is stripped from the capillary 
basement membrane and the lobule assumes a globular or club shape 
(Figs. 5A to 5D, and 8), so that the capillaries, where recognizable, 
float free in edema fluid. Many of the capillaries are markedly com- 
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pressed by the surrounding edema and cellular infiltration. Fibrinous 
thrombi occasionally are seen within capillary lumina. Between the 
inflammatory cells run irregular, fine, fuchsia fibrils which are the 
normal interstitial connective tissue fibrils, markedly separated and 
frayed by edema plus newly formed connective tissue fibrils and some 
remnants of compressed capillary basement membranes. Presumably 
these are the intracapillary fibrils of McGregor’ and Bell.? Bell }*""* 
described the formation of these “intracapillary” fibers by the frag- 
mentation of the deep portion of the basement membrane about each 
capillary loop. In his Figure 7 ** he showed a continuous basement 
membrane about the circumference of each lobule in acute glomerulo- 
nephritis. To explain these features one must presume a perfect end- 
to-end fusion of the superficial portion of the basement membrane of 
each capillary loop, while the deep fragments of the basement mem- 
brane are dispersed from their normal pericapillary position into an 
intracapillary location. It is believed that the origin of these fibers in 
the above manner is illogical and is contrary to pathologic processes 
as seen in the rest of the body. 

In cases with, perhaps, a less severe injury or seen later in the course 
of the disease, the number of polymorphonuclear neutrophils is mark- 
edly reduced and the predominating cell in the exudate is a mononu- 
clear cell indistinguishable from monocytes or histiocytes. The 
endothelial cells are plump, as one might expect in inflammation, but 
whether they are markedly increased in number is impossible to tell 
as they resemble the other cells in the glomerulus too closely to permit 
cytologic distinction. It is very difficult to recognize the compressed 
capillary lumina amid the inflammatory cells except where red blood 
cells are present in them. 

Soon after the onset of exudation there is initiation of proliferative, 
reparative processes as in any inflammation. In the renal glomerulus 
the epithelial cells commonly multiply, and when the proliferation is 
marked, acute capsular glomerulonephritis is produced. Fibrils of 
basement membrane type are laid down either by the epithelial cells 
or by accompanying connective tissue cells. With thickening of these 
fibrils, the familiar crescentic scar is produced. Adhesions between the 
tuft and Bowman’s capsule are characteristic of this lesion, but occur 
to a lesser degree in all acute glomerulonephritis. 

Endothelial cells probably multiply with inflammation, but budding 
of capillaries does not occur in the glomerulus. In healed glomerulo- 
nephritis there is only a slight increase of endothelial cells in the patent 
capillaries. The excessive endothelial cells may have become histiocytes 
which have wandered away during the subsidence of inflammation.” 
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The interstitial cells of the glomerulus respond to inflammation by 
proliferation like other connective tissue cells. This is best seen in the 
mild injury to the glomerulus resulting from various bacterial infec- 
tions, so-called glomerulitis. Here the major findings in the glomerulus 
are proliferation of interstitial cells with a little exudation and a mild 
increase in the connective tissue of the stalk (Fig. 9). This process is 
comparable to slowly progressive parenchymal scarring in other vis- 
cera. In acute glomerulonephritis the réle of the interstitial cells is 
more obscure inasmuch as the various mononuclear cells, i.e., histio- 
cytes, endothelial cells, and interstitial cells, so closely resemble each 
other that cytologic recognition is nearly impossible. In cases of longer 
duration, where repair has progressed further, the marked increase in 
interstitial connective tissue indicates that, though not recognizable as 
such, many of the cells of the glomerulus of acute glomerulonephritis 
are interstitial connective tissue cells (Fig. 10). 

With progressive repair of the glomerular lesion, inflammatory cells 
disappear and the proliferated interstitial cells progressively lay down 
connective tissue substance. Most of the connective tissue fibrils are 
laid down in the interstitial space of the stalk. This explains the scar 
in the center of the lobule, with peripheral capillaries seen in moder- 
ately advanced chronic glomerulonephritis (Fig. 10). The obliteration 
of capillaries depends to a great degree on the amount of connective 
tissue laid down about the circumference of the capillaries, i.e., be- 
tween the capillary and the epithelial basement membranes (Figs. 11 
and 12). This connective tissue deposit between capillary and epi- 
thelial basement membranes explains the previous description of base- 
ment membrane thickening in chronic glomerular disease.” Obliteration 
of the capillaries also results from destruction of endothelial cells and 
collapse of the lumen followed by connective tissue proliferation, join- 
ing the opposed surfaces permanently. The end result of these proc- 
esses is the hyalinized scar so characteristic of terminal chronic 
glomerulonephritis. 


SUMMARY 


Distinct epithelial and endothelial basement membranes are present 
in the glomerular tuft. An interstitial space is present between these 
basement membranes and it is continuous with the interstitial space of 
the connective tissue stalk of the glomerular lobules. 

In the interstitial space of the stalk there are normally a substantial 
number of “interstitial” cells which increase with age and with injury. 

In acute inflammation of the glomerulus, inflammatory cells and 
proliferated interstitial cells in the interstitial space are the major 
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factors in the production of hypercellularity, rather than pure endo- 
thelial proliferation. 


Proliferated interstitial cells in healing produce new connective tis- 


sue fibers in the pericapillary interstitial spaces and in those of the 
stalk, which eventually may result in obliteration of the capillary bed 


of 


the glomerulus. 
The glomerular lesion of eclampsia is primarily that of edema in the 


interstitial spaces. 


Grateful acknowledgment is due Miss Stella Zimmer for the photomicrographs. 
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DESCRIPTION OF PLATES 


PLATE 155 


Fic. 1. Normal glomerulus, 15-year-old male killed by a knife. The continuity of 


the basement membrane of the tubules, Bowman’s capsule, and glomerular 
tuft can be seen. Periodic acid-Schiff’s reaction and hematoxylin stain. X 480. 


Fic. 2. Normal glomerulus, 25-year-old male killed in an automobile accident. 


Normal epithelial, endothelial, and interstitial cells can be seen. Arrows indi- 
cate interstitial cells. Periodic acid silver stain. X 1360. 
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PLATE 156 


Fic. 3. Secondary amyloidosis of glomerulus. This shows separation of endothelium 
from epithelial basement membrane by amyloid. Periodic acid-Schiff’s reaction 
and hematoxylin stain. 


Fic. 4. Eclampsia, showing distinct epithelial and delicate endothelial basement 
membranes separated by edema. Periodic acid-Schiff’s reaction and hema- 
toxylin stain. X 1200. 
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Fic. 


PLATE 157 


5. Diagrammatic representation of exudation in the glomerular tuft. Epi- 
thelial cells are omitted for the sake of clarity. A. Normal tip of a glomerular 
lobule. B. The same tip with moderate edema as seen in eclampsia. C. A 
hypothetic condition showing extreme edema without cellular reaction in the 
same lobular tip. D. Acute glomerulonephritis of the same lobular tip. Similar 
to C but with cellular reaction added. 


6. Early acute glomerulonephritis associated with lung abscess and peri- 
carditis. There is a swollen connective tissue stalk in the center of the 
glomerulus with patent peripheral capillaries. Periodic acid-Schiff’s reaction 
and hematoxylin stain. 
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PLATE 158 


Fic. 7. Acute exudative glomerulonephritis. The epithelial basement membrane 
is being distended by exudation into the lobule. Periodic acid-Schiff’s reac- 
tion and hematoxylin stain. XX 475. 


Fic. 8. Acute exudative and proliferative glomerulonephritis. Lobules are assum- 
ing a club-like or globular shape. Mononucleated cells are prominent in the 
interstitial space of the glomerulus. Periodic acid-Schiff’s reaction and hema- 
toxylin stain. X 875. 
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PLATE 159 


Fic. 9. Late glomerulitis in bacterial endocarditis due to Neisseria gonorrheae. 
Moderate connective tissue scarring is present, but capillaries are spared. 
Periodic acid-Schiff’s reaction and hematoxylin stain. X 480. 


Fic. 10. Acute and chronic glomerulonephritis. Central scarring with preservation 
of peripheral capillaries is seen. Periodic acid-Schiff’s reaction and hematoxylin 


stain. X 480. 
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PLATE 160 


Fic. 11. Moderate chronic glomerulonephritis. Double contoured capillary walls 
indicate the new connective tissue being laid down between the endothelial 
and the epithelial basement membranes. Periodic acid-Schiff’s reaction and 
hematoxylin stain. X 875. 


Fic. 12. Chronic glomerulonephritis. Marked pericapillary connective tissue pro- 
liferation is present, including the stalk. Patent capillaries are markedly 
diminished in number and size. Periodic acid silver stain. X 410. 
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HISTOCHEMICAL DETECTION OF FATAL ANTICHOLINESTERASE 
POISONING * 


A. Dororuy Bercner, Ph.D., and Stantey H. Durtacuer, M.D.¢ 
(From the Pathology Section, Medical Division, Army Chemical Center, Md.) 

Poisoning by new and important anticholinesterases, such as certain 
insecticides and therapeutic agents, results in a clinical syndrome that 
is well defined and in general is similar to acetylcholine intoxication.’* 
On the other hand, the post-mortem determination of the cause of 
death is not possible in such cases by ordinary pathologic and toxico- 
logic examinations. The anatomical findings are non-specific and con- 
sist of pulmonary and cerebral edema accompanied by petechial 
hemorrhages in the serous membranes and viscera. Analytic methods 
for detection of the agents in tissues have not been established for 
some of the compounds. Where methods are described they are non- 
specific.* The quantity of toxic material absorbed in fatal cases is so 
small that analytic methods are difficult. Further limitation is imposed 
by the chemical nature of the compounds and their tendency to hydro- 
lyze in the body fluids. 

For medicolegal purposes it is important to develop a reliable meth- 
od for determination of the cause of death in suspected cases of 
anticholinesterase chemical poisoning, particularly when clinical or 
anamnestic information is not available or reliable, as in some acci- 
dental deaths and in most deaths from homicide or suicide. Such a 
method, in the absence of reliable pathologic or toxicologic procedures, 
must depend upon demonstration by either manometric or histochem- 
ical technic of inhibition of the enzyme cholinesterase in the post- 
mortem material. In reports of fatal parathion poisoning, manometric 
determinations of cholinesterase activity in blood and tissues removed 
at necropsy have been reported.?* 

This paper reports the results of experiments in which a histo- 
chemical method for the demonstration of active cholinesterase in 
tissues has been applied to post-mortem material for the detection of 
acute anticholinesterase poisoning. Because human cases of poisoning 
by these compounds were not available, experiments have been con- 
ducted using mice. In addition, data are presented on the reaction of 
human tissue removed at necropsy from persons dead of causes other 
than anticholinesterase poisoning. Some of this tissue was used for 
in vitro poisoning by anticholinesterases and subsequent testing by this 
method. 


* Received for publication, March 12, 1951. 
t Now at: The Office of the Chief Medical Examiner of Maryland, Baltimore, Md. 
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EXPERIMENTAL PROCEDURE 


The histochemical technic of Koelle and Friedenwald®* for the 
localization of cholinesterase activity in tissues has been followed. 
Localization of specific cholinesterase is favored over that of non- 
specific esterases by maintenance of the substrate concentration 
(4 X 10°M) in the optimal range for the specific type. Intercostal 
muscle has been used exclusively in this study because of the ease 
with which this tissue can be obtained, handled, and studied. Cholin- 
esterase in striated muscle is mostly of the specific type and is revealed 
in this technic by brown CuS deposited at the motor end-plate as a 
consequence of enzyme action at the site. 

The in vivo experiments were limited to male mice weighing approxi- 
mately 30 gm. Half of the animals were necropsied immediately after 
death and the other half were kept after death at room temperature 
(20° to 26° C.) for 24 hours before necropsy. Both mouse and human 
intercostal muscle was removed at necropsy, frozen, and stored at —40° 
to -45° C. until histochemical procedure was carried out. The interval 
from the time of death to time of freezing of, tissue is recorded in 
Tables I to IV. No loss of enzyme activity was found in tissues kept 
at freezing temperatures. In the case of poisoned mice, the time of 
survival after initial exposure to the various poisons also is recorded. 
Control mouse tissue was obtained mostly from animals sacrificed by 
fracture of the neck; to a lesser extent from mice sacrificed by inhala- 
tion of open drop ether. 

Intercostal muscle was teased apart in isotonic saline solution at 
room temperature, placed at once in freshly prepared incubation solu- 
tion of copper glycinate and acetylthiocholine, and incubated at 37° C. 
for 20 minutes. In order to have the incubation solutions comparable, 
the following procedure was followed. Tissue from the immediately 
necropsied animal was incubated separately but more or less concur- 
rently with that from the animal which had been necropsied 24 hours 
after death. Then these two portions of the incubation solution were 
pooled and the tissue from the control animal incubated in it. After 
a rinsing of at least 1 hour in CuS-saturated water, the muscle fibers 
were mounted in glycerin on slides. The coverslip was sealed with 
mastic-paraffin. 

Microscupic examination of these teased muscle preparations was 
made usually at a magnification of 160 X. When CuS crystals are 
deposited, the motor end-plate is dark brown and sharply differen- 
tiated from the muscle fiber, which is colorless or pale yellow. The 
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small nuclei of the muscle and sarcolemma may be stained also but 
only after long incubation of the tissues and when CuS is deposited 
at the site of the motor end-plate. When CuS crystals are not deposited, 
such as after inhibition of enzymatic activity by diisopropylfluorophos- 
phate (DFP), the motor end-plate cannot be distinguished from the 
muscle fiber. 

In control tissue the intensely dark brown stain resulting from this 
deposited CuS was recorded as ++-+-+. In order to record quasi- 
quantitatively relative amounts of deposited CuS, the following arbi- 
trary scheme was adopted: ++-++ for a definitely positive reaction (as 
shown by the brown deposit) but not equal to the control; +-+ for 
reduced intensity of deposit or smaller area, the structure of the motor 
end-plate being limited usually to several ovoid bodies; + for a very 
small area or thin deposit of CuS, the structure of the motor end-plate 
being absent or merely outlined by yellow stain. An essentially nega- 
tive reaction, where the site of the motor end-plate was indicated 
merely by the deposition of a few CuS crystals as seen at a magnifica- 
tion of 430 ><, was recorded as > o or < +, depending upon the 
amount of the deposit. 


RESULTS 
Stability of Cholinesterase in Post-Mortem Material 


Mice sacrificed by fracture of the neck were kept at room tempera- 
ture (20° to 26° C.) and necropsied at varying intervals after death. 


Taste I 
Effect of Time after Death on Cholinesterase Activity of Mouse Intercostal Muscle 
Manner of death roy baw Ba CuS deposit at 
Fracture of neck Immediate es 
Fracture of neck 18 +444 
Fracture of neck 24 ++4++4+ 
Fracture of neck 42 +++ 
Fracture of neck 48 444 
Fracture of neck 66 + 
Fracture of neck 72 +. 
Fracture of neck 90 + 
Fracture of neck 96 <+ 
Found dead, cause unknown 6 +4+4+ 
Found dead, cause unknown >24 +44 


At necropsy intercostal muscle was removed and frozen. The data on 
this experiment are recorded in Table I. Included also are 2 mice 
which died of natural causes. There was a heavy deposit of CuS at the 
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motor end-plates of intercostal muscle as long as 48 hours after death 
although severe post-mortem putrefaction was present. When necropsy 
was performed immediately after death, the motor end-plates were 
crisply defined by the dark brown deposit of CuS, as shown in Figure 
1. This appearance was modified somewhat by diffusion of stainable 
material from the motor end-plate into the adjacent muscle when 
necropsy was delayed. Such diffusion was not extensive and the motor 
end-plate was well differentiated as long as 48 hours after death. When 
necropsy was delayed for a longer period, the outline of the motor 
end-plate was blurred. However, the site of enzymatic activity could 
be detected as long as 96 hours after death by the area of diffuse stain. 

Intercostal muscle removed from human cadavers as soon as possi- 
ble after death and from cadavers undergoing post-mortem decompo- 
sition was examined. The results are presented in Table II. Normal 


Taste II 
Effect of Time after Death on Cholinesterase Activity of Human Intercostal Muscle 


Hours Hours 

|refrigeration °C. of tissue at motor end-plates 
Bullet wound of head 3 ° 3 +4 
Shotgun wound of chest 4 ° 4 +44 
Acute alcoholism, drowning 4 176 180 +4+4+,+4+4++ 
Coronary arteriosclerosis* 12 48 60 ++,+ 
Dismembered by train 26 ° 26 oe 
Drowning 96 24 120 ° 


*Man found dead in turkish bath. Body beginning to putrefy when placed under 
refrigeration. 


cholinesterase activity persisted in bodies not under refrigeration for 
as long as 26 hours and in refrigerated bodies for as long as 180 hours. 
Figure 6 shows the heavy deposit of CuS, indicative of uninhibited 
cholinesterase activity, at the site of the motor end-plates in inter- 
costal muscle taken from a man dead of acute alcoholism and drown- 
ing. In one instance in which putrefaction was accelerated by heat, 
the CuS deposition was considerably diminished. No cholinesterase 
activity was demonstrable in the muscle of a drowned individual who 
had been in the water for 96 hours. 


Effect of Non-Cholinesterase-Inhibiting Poisons on 
Activity of Enzyme in Post-Mortem Tissue 
Mice were fatally poisoned by various chemicals known to be lack- 
ing in anticholinesterase activity and including those commonly asso- 
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ciated with accidental or suicidal deaths among humans. The 
administered doses caused rapid death in all instances except follow- 
ing morphine, a naphthylthiourea (ANTU), and sodium fluoracetate 
(1080). The data of these experiments are recorded in Table III. In 
no instance was any diminution of enzyme activity noted in the tis- 
sues at necropsy immediately after death, or when necropsy was 
delayed for 24 hours. In animals kept for 24 hours at room tempera- 


Taste III 
Effect of Non-Cholinesterase-Inhibiting Poisons in Mice 


Total dose |Timeinterval| Time interval | CuS deposit 
Sacrificed by means of Route Number of| per 20 gm. | from first | from death to at motor 
injections | of mouse exposure necropsy* end-plates 
to death 
Open drop ether Inhalation to min. | Immediate | ++++ 
Open drop ether Inhalation 10 min. 24 hrs. ea 
Illuminating gas Inhalation 3 min. | Immediate | ++++ 
Illuminating gas Inhalation 3 min. 24 hrs. week 
Potassium cyanide L.P.t injection I 10 mg. 2min. | Immediate | ++++ 
Potassium cyanide LP. injection I 10 mg. 2 min. 24 hrs. ++++ 
Sodium arsenite LP. injection I 10 mg. 5 min. | Immediate | ++++ 
Sodium arsenite LP. injection I 10 mg. 5 min. 24 brs. +4+++ 
Morphine sulfate S.C. plus LP. 5 8 mg. | 113 min. | Immediate | ++++ 
Morphine sulfate S.C. plus 5 8 mg. | 98 min. 24 hrs. ++++ 
Nembutal LP. injection I 3mg. | 1omin. | Immediate | ++++ 
Nembutal LP. injection I 2mg. | 10 min. 24 hrs. ++++ 
BAL (2, 3 dimercapto- S.C. 2 0.06 mg. | 30min. | Immediate | ++++ 
propanol) S.C. 2 0.06 mg. | 30min. | 24 hrs. 
Acetylcholine S.C. I 5 mg. 4min. | Immediate | ++++ 
ride S.C. I 5 mg. 7 min. 24 hrs. ++++ 
ANTU (@ naphthylthio- | LP. 5 1.25 mg. 7 hrs. | Immediate | ++++ 
urea) LP. 5 1.25 mg. |>2¥ hrs. 36 hrs. ate 
1080 (Sodium S.C. 5 1.8 mg. | 44 hrs. | Immediate | ++++ 
fluoracetate) &.C. 2 0.9 mg. | 110 min. 24 hrs. ++4++ 


*Tissue frozen at time of necropsy. 


{I.P.=intraperitoneal. 
{8.C.=subcutaneous. 


ture before necropsy, diffusion of brown stain into adjacent muscle 
fibers could be recognized. This diffusion, as seen in control tissue 
kept under similar conditions, was merely the result of post-mortem 
change in the tissues and did not seem to involve any loss of enzyme 
activity. 
Effect of Cholinesterase-Inhibiting Poisons on 
Activity of Enzyme in Post-Mortem Tissue 

Mice were poisoned by several of the better known anticholin- 

esterases including the insecticide parathion. These poisons were 
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injected into the mice usually subcutaneously rather than intraperi- | 
toneally in order to delay detoxification by the liver. The data of 
these experiments are reported in Table IV. Sufficiently large doses | 
were used to cause death in less than 1 hour (one parathion death | 
occurred after 4 hours) with the exception of octamethyl pyrophos- | 
phoramide (OMPA). Except in the case of DFP, the effect of the | 
poison on the enzyme depended in part upon such conditions as size 
of dose, speedy or slow death, immediate or delayed necropsy. After 
death from DFP there was no deposit of CuS, as shown in Figure 3. 
This was true when the necropsy was performed immediately, 2, 3, 4, 
20, and 24 hours after death. DFP in the doses used in these experi- 


Taste IV 
Effect of Cholinesterase-Inhibiting Poisons in Mice 
Total dose |Timeinterval| Time interval | CuS deposit 
Sacrificed by means of Injection Number of | per 20 gm. | from first | from death to at motor 
route injections | of mouse exposure necropsy* end-plates 
to death 
DFP (diisopropylfluoro- I 0.14 mg. | 4 min. | Immediate | o 
phosphate) S.C. I 0.14 mg.| 3 min. 24 hrs. ° 
S.C. I 0.28 mg. | 2 min. | Immediate | o 
S.C. 2 0.10 mg.|55 min. | Immediate | o 
S.C. 2 0.10 mg. | 55 min. 24 hrs. ° 
Physostigmine (eserine) SC. I 0.10 mg.}| 2 min. | Immediate |>o 
S.C. I 0.10 mg. | 2 min. 48 hrs. + 
S.C. I 0.20 mg. | 2 min. | Immediate |>o 
S.C. I 0.20 mg. | 2 min. 48 hrs. 
Prostigmine (neostigmine)} S.C. I 0.05 mg. | 2 min. | Immediate | o 
a.C. £ 0.05 mg.| 4 min. 24 hrs. ° 
I 0.013 mg. | 7 min. | Immediate | + 
S.C. I 0.013 mg. | 3 min. 24 hrs. + 
Parathion (p-nitrophenyl)| (S.C.—2) 3 0.6 mg. | 25 min. | Immediate | +,0 
diethyl thiophosphate) (I.P.-1)t 
3 0.6 mg. | 20 min. 24 hrs. ++ 
.P.-1 
(S.C.-2) 3 0.6 mg.| 40 min. | Immediate | o 
(I.P.-1) 
(S.C.-2) 3 0.6 mg. | 40 min. 24 hrs + 
(I.P -1) 
cers I 2.5 mg 6 min. | Immediate | 0 
LP. I 2.5 mg 5 min. 24 hrs ++ 
Le. I 1.25 mg 6 min. | Immediate | 0 
S.C. I 0.63 mg. |>4_ hrs. 24 hrs. +++ 
TEPP (tetraethylpyro- S.C. I 0.024 mg 2.5 min. | Immediate | 0, >o 
phosphate) S.C, I 0.024 mg. | 3 min. 24 hrs. +++,++ 
S.C. I 0.006 mg. | 6 min. | Immediate |>o 
S.C. I 0.006 mg 7.5 min. 24 hrs ++ 
OMPA (octamethyl pyro-| S.C. I 0.57 mg. | 80 min. | Immediate | +, <+ 
phosphoramide) S.C. I 0.57 mg. | 80 iin 24 hrs 
S.C. I 0.57 mg. |100 min. | Immediate | o 
S.C. I 0.57 mg. |I05 min 24 hrs + 


*Tissue frozen at time of necropsy. 
tI.P. =intraperitoneal. 
1S.C. =subcutaneous. 
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ments completely and irreversibly inactivated cholinesterase at these 
neuromuscular junctions. The other anticholinesterases, although 
causing death within equivalent time intervals, did not completely 
inhibit enzyme activity except under certain conditions. Otherwise 
some CuS deposition occurred, although quantitatively less than in 
the controls. Examples of such partially inhibited activity are shown 
in Figures 2, 4, and 5. Prostigmine caused complete inhibition at 0.05 
mg. per 20 gm. of mouse but some CuS was deposited at one-fourth 
that dose. Following death from physostigmine, parathion, tetraethyl- 
pyrophosphate (TEPP), and OMPA, the amount of CuS deposited 
depended in part upon when the necropsy was performed, being less 
or none at all when it was performed immediately and greater when 
there was a delay of 24 hours. OMPA was more effective as an anti- 
cholinesterase when the time interval between injection and death was 
greater. 


In Vitro Poisoning of Human Post-Mortem Material 

The source of the human muscle used in this experiment was tissue 
removed at necropsy from two cadavers in whom the manner of death 
was bullet wound of head and shotgun wound of chest (Table II). 
Muscle was incubated in a saline solution containing DFP, rinsed in 
saline, and subjected to the histochemical technic. Comparison was 
made with fragments of similar muscle that had not been incubated 
with DFP. In one experiment following a 2 minute incubation in 
5 X ro” per cent of DFP in saline solution, cholinesterase activity 
was completely inhibited (no CuS deposit). In a second experiment, 
incubation for 10 minutes in 1 X 10~* per cent of DFP in saline solu- 
tion caused complete inhibition. When the dilution was 1 X 10° per 
cent of DFP, a faint deposit was observed, as shown in Figure 7. 


DIscussION 

The stability of cholinesterase in post-mortem tissue for at least 24 
hours has been shown (Tables I and II). Therefore the Koelle-Fried- 
enwald histochemical technic ©* could be applied to post-mortem tis- 
sues taken from animals fatally poisoned by various agents as a method 
for distinguishing between those poisons which were anticholinesterases 
and those which were not. By evaluating the amount of CuS deposited 
at the site of the motor end-plate, the intensity of cholinesterase activ- 
ity could be estimated. In tissues taken from animals poisoned fatally 
by anticholinesterases the over-all picture was one of diminished dep- 
osition if not complete absence of CuS. This altered deposition 
indicated partial or complete enzyme inhibition. Even when the de- 
posit was increased as a result of delay in necropsy following death 
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from a temporary inactivator such as physostigmine, the CuS deposit 
was sufficiently reduced to *~ distinct from that in normal tissue or 
even in tissue from animals fatally poisoned by non-cholinesterase-in- 
hibiting agents. 

In the present study a rapid death following exposure was desired 
so as to avoid, if possible, r.covery from any inhibitory effect on 
cholinesterase activity. The production of new enzyme during a long 
interval between injection and death, for example, could compensate 
for inactivation of the enzyme initially present and lead to an under- 
estimation of the inhibitory action of a compound. Whenever possible, 
therefore, such doses were used as would cause death within 1 hour. 
In order to secure deaths from such compounds as physostigmine, the 
dose had to be sufficient to kill within a few minutes. Too rapid death — 
following injection of OMPA, however, was not desired because time 
must be allowed for its im vivo alteration to yield a cholinesterase in- 
hibitor.’ It was not possible to kill rapidly with ANTU, morphine, 
or 1080. 

The fact that the amount of deposited CuS varied with the lapse of 
time between death and necropsy when physostigmine, parathion, 
TEPP, and OMPA were used suggests that there was a reversal in 
the dead animal of the inactivation of cholinesterase by these agents. 

It is well known that physostigmine does not destroy cholinesterase 
but merely inactivates it temporarily by combining loosely with it.® 
According to Michel,® a reversal of this ability to inactivate occurs 
easily and quickly im vitro unless the temperature is held down to 
within a few degrees of 0° C. Apparently, our inability to obtain com- 
plete absence of CuS even when the necropsy was performed 1 minute 
after death (3 minutes after injection) was the result of this tendency 
of the inhibited enzyme to regain its activity. Parathion, TEPP, and 
OMPA apparently also inactivate only temporarily but the reversal 
is slower. With them we were able to see complete inhibition when the 
necropsy was performed immediately. 

After OMPA there was complete inhibition at an immediate necropsy 
when the mouse died 100 minutes after the injection but not when it 
died 80 minutes after it. This difference is consistent with the report 
by DuBois e¢ al.’ that OMPA itself is not an anticholinesterase but is 
altered in vivo. During the longer pre-death interval apparently more 
OMPA was converted into an anticholinesterase with the resulting 
complete inhibition of enzyme activity at the motor end-plate. 

It has been shown that the technic of Koelle and Friedenwald ™* is 
applicable to human tissues: CuS was deposited at the motor end-plates 
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of striated muscle in post-mortem material kept at room temperature 
for as long as 26 hours. Moreover, this enzyme activity was inhibited 
in vitro by an anticholinesterase at a concentration comparable to that 
found in the tissues of poisoned animals. These facts indicate that 
this method can be resorted to in suspected human poisoning by cholin- 
esterase inhibitors. 

SUMMARY 


Cholinesterase is stable in post-mortem material and is demonstrable 
by the Koelle-Friedenwald technic.** In mice kept at room tempera- 
ture after death no change in enzyme activity was noted for 48 hours. 

Following death from ANTU, 1080, morphine, potassium cyanide, 
carbon monoxide, arsenic, nembutal, ether, BAL and acetylcholine, 
deposition of copper sulfide, indicative of cholinesterase activity at the 
site of the motor end-plate, was not distinguishable from that of the 
controls. (See Tables III and IV for chemical names indicated by 
symbols. ) 

Following death from the anticholinesterases DFP, prostigmine, 
physostigmine, parathion, TEPP, and OMPA, deposition of CuS.was 
partially or completely inhibited. 

After physostigmine, parathion, TEPP, and OMPA, less CuS -was 
deposited following an immediate necropsy than when the dead animal 
was kept for 24 hours at room temperature before necropsy. 

OMPA was more effective as an anticholinesterase when the animal 
did not die too quickly. 

Cholinesterase in human intercostal muscle is demonstrable by this 
technic. It persisted in post-mortem material for at least 26 hours at 
room temperature and longer under refrigeration. 

In vitro inhibition of human cholinesterase with DFP also is demon- 
strable by this technic. 


We wish to thnk Arthur J. Fisk for the photographs. 
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DESCRIPTION OF PLATE 


PLaTE 161 


, Tables III and IV may be consulted for chemical names of substances indicated 
by trade names or symbols. 


Fic. 1. Mouse sacrificed by fracture of neck. Immediate necropsy. Deposit of 
CuS at the site of the motor end-plates in intercostal muscle, indicative of 
uninhibited cholinesterase activity (++++). X 8s. 


Fic. 2. Mouse sacrificed with parathion (0.6 mg. per 20 gm. of mouse). Death 
occurred 25 minutes after first injection. Immediate necropsy. Slight deposit 
of CuS indicative of reduced enzyme activity (+). X 8s. 


Fic. 3. Mouse sacrificed with DFP (0.1 mg. per 20 gm: of mouse). Death oc- 
curred 55 minutes after first injection. Immediate necropsy. No CuS de- 
posited at motor end-plate indicating complete inhibition of cholinesterase 
activity (O). X 85. 


Fic. 4. Mouse sacrificed with OMPA (0.57 mg. per 20 gm. of mouse). Death 
‘occurred 80 minutes after injection. Immediate necropsy. Slight deposit of 
CuS indicative of almost complete inhibition of enzyme. (+, <+). X 85. 


Fic. 5. Mouse sacrificed with TEPP (0.024 mg. per 20 gm. of mouse). Death oc- 
curred 3 minutes after injection. Necropsy after 24 hours. Moderate deposit 
of CuS indicative of partial inhibition of enzyme activity (+++, ++). X 85. 


Fic. 6. Human intercostal muscle from a man dead of acute alcoholism and drown- 
ing (Table II). CuS deposited at the site of the motor end-plates (++++-). 
X 85. 


Fic. 7. Human intercostal muscle incubated in vitro in DFP (1 X 105 per cent). 
_ Slight deposit of CuS indicative of almost complete inhibition of cholinesterase 
_ activity (+). X 85. 
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‘THE ASSOCIATION OF IRON-CONTAINING CRYSTALS WITH 
SCHAUMANN BODIES IN THE GIANT CELLS OF 
GRANULOMAS OF SARCOID TYPE * 


Ratrs L. Encte, M.D. 
(From the Department of Pathology of The New York Hospital-Cornell Medical Center, 
New York 21, N.Y., and the Armed Forces Institute of Pathology, Washington 25, D.C.) 
Giant cells containing Schaumann bodies were seen in 13 of 27 
cases of non-specific sarcoid-like granulomas recently studied.’ In 
addition, crystalline inclusions of a distinctive type were found in 
other giant cells in 7 of 13 cases containing Schaumann bodies. In 
the 2 cases reported in detail here, Schaumann bodies were present 
with the crystalline inclusions in the same giant cells, the Schaumann 
bodies in each case surrounding the crystalline material. The findings 
throw light on the nature of the Schaumann body and, by implica- 
tion, on the nature of the sarcoid-like granulomas. 


Report or Cases 


Case 1 


A white man, 46 years of age, had had known hypertension for 20 years, with 
systolic pressures ranging from 160 to 210 mm. of Hg. Because of obesity, he 
had received 64 mg. of thyroid extract three times a day for9 years. He had 
observed recurrent ankle edema and exertional dyspnea for 6 years and angina for 
6 months. Two months before death he had an episode of dyspnea and precordial 
pain. His blood pressure was 140/120 mm. of Hg. An electrocardiogram was not 
taken, but a diagnosis of coronary thrombosis was made. He was placed on a low 
salt diet and fluids were restricted. Four days before death, chronic dyspnea be- 
came aggravated and progressive swelling of the ankles developed. On admission 
to The New York Hospital his pulse was 130 per minute; respirations, 45 per 
minute; and blood pressure, 142/120 mm. of Hg. He was extremely dyspneic, 
cyanotic, cold, and perspiring. There was 4 plus pitting edema of the legs and 
feet. On auscultation over the lung fields numerous rhonchi and moist rales were 
heard, completely obscuring the heart sounds. Death occurred 1% hours after 
admission. The clinical diagnosis was acute myocardial infarction in a heart dam- 
aged by hypertension. ; 


Post-Mortem Examination { 


At necropsy, the body weighed 236 Ibs. and was 69.7 inches long. 
The subcutaneous fat over the lower abdomen was 4.5 cm. thick. The 
skin of the scrotum and penis was distended with edema fluid, and. 
moderate pitting edema was present over the legs and sacrum. The. 
heart weighed 800.gm. The myocardium was stippled gray. There 
was a recent thrombus in the right coronary artery. From the right. 
pleural cavity, 1400 cc. of yellow cloudy fluid were removed; from 


* Received for publication, February 23, 1951. . 
+ Performed by Dr. W. J. Emerson at The New York Hospital. 
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the left, r100 cc. The lungs, which together weighed 1800 gm., were 
boggy. Crepitus was decreased but there was no consolidation. The 
hilar, tracheobronchial, and para-aortic lymph nodes were enlarged, 
some measuring from 2 to 4 cm. in diameter. On section they were 
soft and gray. The kidneys were of normal size. The capsules stripped 
with ease revealing a slightly granular brown surface. The cortices 
were poorly demarcated from the pyramids. The liver weighed 1800 
gm., was yellow-purple, and had rounded edges. The cut surface was 
red-brown. The spleen weighed 300 gm.; it was firm, dark red, and 
dry. 

On microscopic examination, a diffuse lesion in the hilar and tracheo- 
bronchial lymph nodes was seen to be composed of granulomas con- 
taining many lymphocytes, a few monocytes, and epithelioid cells 
surrounding moderate numbers of foreign body and Langhans giant 
cells. There was considerable fibrosis around some of the lesions. In 
a number of the granulomas there were small areas of “fibrinoid” 
necrosis but no typical caseation. (The distinction between “fibrinoid” 
necrosis and caseation necrosis has been discussed and illustrated by 
Ricker and Clark.?) From 5 to 10 per cent of the giant cells contained 
inclusions, some being yellow, crystalline, doubly refractile material 
(Fig. 1); others were ovoid, laminated, brown-staining bodies, not 
doubly refractile (Figs. 6 and 7). A few of the latter type were seen 
to be “budding” to form much larger structures. In one instance the 
doubly refractile crystalline material was surrounded by a laminated 
non-crystalline body. There were a few anthracosilicotic nodules in 
the lymph nodes. In the heart (myocardium and epicardium), lung, 
kidney, pancreas, liver, and spleen there were granulomatous lesions 
essentially similar to those already described. No ceil inclusions were 
present. In the liver the lesions were located in the periportal spaces. 
Acid-fast and Giemsa-stained sections of the lung, lymph nodes, heart, 
and spleen were prepared, but no organisms were demonstrated. 

Anatomical diagnoses, in addition to Boeck’s sarcoid of the lymph 
nodes, heart, spleen, liver, pancreas, and kidneys, included moderate 
arteriosclerosis of the coronary: arteries with marked stenosis and 
thrombosis of the right coronary artery; slight arteriosclerosis of the 
aorta; arteriolosclerosis of the kidneys; hypertrophy of the heart; 
fibrous pericarditis; hyperemia of the lungs, liver, spleen, and intesti- 
nal mucosa; edema of the lungs and subcutaneous tissue of the legs; 
bilateral hydrothorax; diverticula of the colon; hyperplasia of the 
adrenal glands; and calcified nodule in the liver with metastatic bone 
formation. Death was attributed to coronary thrombosis. 
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The granulomas in this case were similar to those that are called 
Boeck’s. sarcoid. The extensive lesions in ie: —- favored 
this 

Case 2 

A male Negro soldier, 26 years old, began to be febrile 6 months before death. 
Roentgenograms of the chest revealed mottled densities-in. both lung fields. . The 
hands were normal on roentgenologic examination. The albumin-globulin ratio of 
the serum was normal. Several sputum examinations were negative for tubercle 
bacilli but subsequently became positive on three occasions when the sputum was 
concentrated before examination. The disease was characterized by severe bouts 
of dyspnea and fever. One week before death the patient had an evening chill, 
following which the temperature rose to 104 °F. Two smears for malarial organisms 
were negative. On four successive evenings there were temperature elevations. 
The patient died following an acute attack of dyspnea. The clinical diagnosis was 
far advanced pulmonary tuberculosis of all lobes, reinfection type, with — 
cavitation. 


Post-Mortem Examination * 


At necropsy, the body was that of an emaciated man, 70 inches 
long and weighing 116 lbs. The right lung weighed 850 gm.; the left, 
600 gm. There was increased firmness throughout all pulmonary 
lobes. Bilateral apical cavities and small cavities in both lower lobes 
were found. Scattered throughout were innumerable grayish nodules 
making the cut surfaces granular. The spleen was enlarged and 
weighed 540 gm. The capsular surface was purplish gray with irregu- 
lar patchy areas of grayish white thickening. The cut surface was 
reddish brown with patchy dark -red areas throughout and occasionaf 
yellow nodules which measured from 1 to 3 mm. in diameter and had- 
softened centers. The liver weighed 2220 gm. On section, small gray- 
white-nodules up to 2 mm. in diameter were seen. The interbronchial,: 
paratracheal, hilar, mesenteric, cervical, and peripancreatic lymph 
nodes were enlarged. Small areas of caseation were seen in some nodes. 

On microscopic examination the granulomatous lesions seen. in 
the lungs were composed of lymphocytes, monocytes, and a few epi- 
thelioid cells and giant cells. One giant cell- contained a small piece 
of crystalline material. Fibrocytes in moderate numbers were seen in’ 
some areas. Considerable caseation necrosis was present in many 
lesions, but in others was conspicuously absent. Many of the alveoli: 
contained macrophages and lipophages. In addition to the granulomas 
there was suppurative bronchitis. 

Sections of peripancreatic, interbronchial, and right cervical lymph 
nodes revealed many confluent granulomas composed of lymphocytes, 
monocytes, a few epithelioid cells, and numerous foreign body and 


* Performed at Fitzsimons Army Hospital by Capt. J. V. Finnegan. 
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Langhans giant cells. Many of the giant cells contained doubly re- 
fractile crystals (Figs. 2 and 3); others contained laminated bodies 
which stained dark blue with hematoxylin and eosin, were not doubly 
refractile, and sometimes appeared calcified. In a few instances lami- 
nated bodies without the property of double refraction surrounded 
doubly refractile crystals (Fig. 5). The normal structure of the nodes 
was completely obliterated. Vacuoles in a moderate number were pres- 
ent in the granulomas of the right cervical node. There was slight 
caseation necrosis in some of the lesions in the interbronchial lymph 
node, but none in the peripancreatic or cervical lymph nodes. All 
nodes were moderately fibrotic. No organisms were seen in an acid- 
fast stained section of peripancreatic lymph node. 

Sections of spleen and liver revealed moderate numbers of granu- 
lomas composed of lymphocytes, epithelioid cells, and an occasional 
giant cell. A very few giant cells contained fragments of crystals. 
Slight caseation necrosis was seen in both organs, the lesions in the 
liver being primarily periportal. A section of the stomach cpaneinas 
a single giant cell in the mucosa. 

Anatomical diagnoses included far advanced pulmonary ieemetin 
tuberculosis with cavitation; tuberculosis of lymph nodes, spleen, and 
liver; Boeck’s sarcoid of the lungs, lymph nodes, liver, and spleen; 
chronic interstitial myocarditis; generalized venous congestion. 

While tuberculosis was the cause of death in this case, many of the 
lesions, particularly in the regions containing the Schaumann bodies 
and crystals, were not caseous. The possibility of an underlying sar- 
coidosis exists. Indeed, because of the appearance of the non-caseous 
granulomas, Ricker and Clark? have already reported this case in 
brief (case 22) in their series on sarcoidosis. Discussion of the rela- 
tionship of sarcoid and tuberculosis is beyond the scope of this paper. 


OBSERVATIONS ON THE NATURE OF THE CRYSTALLINE MATERIAL 


All chemical studies were done on lymph nodes that had been fixed 
in either. Zenker-acetic fluid or 10 per cent formalin. When slides 
were needed, the fixed material was embedded in paraffin and sec- 
tioned in the usual manner. 

The crystals were present in these sections and were anisotropic: 
(Fig. 4). The shape of the crystals in the 2 cases is illustrated in 
Figures 1 and 2. Slides from both cases were stained for ferric iron 
using the Gomori technic,’ and the crystals gave the positive blue stain. 
After the crystals took the blue stain they were no longer anisotropic. 
This was thought to indicate that the iron is an integral part of.the 
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crystal. Slides from case 1 were stained also by the von Kossa silver 
nitrate method for phosphates (calcium).* Granules of material on 
the surface of the crystals took the positive black stain, but the aniso- 
tropic crystals could be seen in the background. This was interpreted 
to indicate that the calcium deposition is a surface phenomenon and 
that the calcium is probably not a constituent of the crystals, but 
rather a constituent of the surrounding Schaumann body. 

Attempts were made to determine whether or not the crystals gave 
the usual protein color reactions. The xanthoproteic, Romieu, and 
Millon’s reactions were unsatisfactory because of the solubility of the 
crystals in acids. Slides from case 1 were treated with ninhydrin as 
described by Glick.® The crystals did not take the blue protein stain. 
The crystals also failed to stain with Masson’s connective tissue stain 
and with gentian violet. . 

Slides from case 1 were subjected to high temperatures in an electric 
oven. When temperatures over 600° C. were used, the material was 
prepared on vycor* glass. Unstained sections were used in these 
studies. The crystals could best be observed microscopically after 
they had been placed under a layer of xylol. The shapes of the various 
crystals were noted before heating. Their locations were determined 
using a stage micrometer. The crystals were yellow and anisotropic, 
the crystal surfaces being distinct. The slides were observed after 
every 100° change in temperature from 100° to goo° C. and at 940° C. 
No changes in the characteristics of the crystals took place from 100° 
to 400° C. When observations were made after the slides had been 
heated to 500° C., a marked change had occurred. The crystal sur- 
faces had disappeared, and a dark, dense, central, granular mass, 
which glowed faintly in polarized light, was surrounded by a halo of 
less dense granules. This suggested that dissolution had occurred and 
that a residue remained. No further changes were noted in the mate- 
rial even though it was heated to 940° C. 

Solubilities of the crystals were determined in unstained sectioned 
material with the crystals under direct observation with the micro- 
scope. The crystals were insoluble and remained anisotropic after 
being placed in contact with water, ethanol, methanol, xylol, dilute 
and glacial acetic acid, dilute and concentrated solutions of sodium 
hydroxide, and ammonium hydroxide. The crystals immediately lost 
their anisotropic property and dissolved without evidence of a residue 
when placed in contact with dilute and concentrated solutions of 
hydrochloric acid, sulfuric acid, and nitric acid. — 


* Trade name for a high silicon glass, made by the Corning Glass Works, Corning, N.Y. 
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The granular material that persisted after the crystals were changed 
at 400° to 500° C. was found to be soluble in dilute hydrochloric acid 
without a residue. 

Using the technic described by Irwin® for the demonstration of 
silicious material, slides were heated to 600° C. for 1 hour. The resi- 
due from the crystals was found to be readily soluble in dilute hydro- 
chloric acid. This was interpreted as demonstrating the absence of 
silicon in the crystals. 


Taste I 
Spectrographic Analysis 
Analysis lymph Analysis of ashed lung i 
Element by Skaviem and Ritterhe 
Numerical values in this Arbitrary scale of relative 
column represent approxi- amounts 
mately the following con- 
centrations: 
100 10% —o.1% 

75 1%— 0.01% 

50 0.1% — 0.001% 

25 0.01% or less 
Silver 50 2 
Aluminum 5° 5° 
Boron 25 1 
Barium 25 5 
Bismuth 25 10 
Calcium 75 80 
Cadmium 25 
Copper 5° 25 
Iron 75 75 
Potassium 50 100 
Magnesium 75 75 
Phosphorus 100 60 
Lead 50 25 
Silicon 50 100 
Tin 50 3 
Sodium 75 75 
Zinc 50 5 
Beryllium ° ° 


A sample of lymph node from case 1 was dried overnight at 110° C. 
and subjected to spectrographic analysis for 69 elements. Special at- 
tention was paid to the location of possible beryllium lines. The results 
are presented in Table I and compared with the spectrographic anal- 
ysis of the ashed lung from the case of asbestosis and sarcoidosis re- 
ported by Skavlem and Ritterhoff.” Only beryllium and the 17 elements 
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found to be present in the lymph node of case 1 are listed. Skavlem 
and Ritterhoff found, in addition, traces of strontium, manganese, 
titanium, chromium, and platinum in their material. 

Discussion 


Five to 10 per cent of the giant cells in the sarcoid-like granulomas 
of the lymph nodes in these 2 cases contained inclusion bodies. These 
were of two types. Most commonly the giant cells contained the typical 
Schaumann body, a concentrically laminated, commonly oval struc- 
ture, which stained pink, brown, dark blue, or black with hematoxylin 
and eosin and was not doubly refractile (Figs. 6 and 7). In addition, 
many of the giant cells contained one or more doubly refractile crystal- 
line inclusions of distinctive type which stained light yellow-brown or 
were colorless with hematoxylin and eosin. Usually the crystals were 
cracked into small pieces, possibly as a result of the plane in which the 
tissue had been sectioned (Fig. 3), although in both cases a few giant 
cells containing whole crystals were seen (Figs. r and 2). In the rare 
giant cells in which the Schaumann body and the crystalline inclusions 
were found together, the Schaumann body surrounded the doubly 
refractile crystalline material (Fig. 5). This finding raises the ques- 
tion whether the Schaumann body may not be formed as a reaction 
to the presence of the intracytoplasmic crystalline material. In this 
regard it is of interest that inorganic salts, when combined in a col- 
loidal matrix such as gelatin, precipitate in the form of a series of con- 
centric rings—the so-called Liesegang rings *—which are separated by 
more or less clear portions of the matrix. It is possible that the 
Schaumann body may represent such a structure—a colloidal matrix 
in combination with iron and calcium salts. 

The theories of the nature of the concentrically laminated intra- 
cellular Schaumann: bodies seen in sarcoidosis have been reviewed 
recently by Teilum.® He concluded that the bodies form as a reaction 
“to biochemical (partly crystalline) precipitates of the nature of a 
globulin in the cytoplasm, where they behave like foreign bodies.” 
Skavlem and Ritterhoff* observed doubly refractile non-lipid inclu- 
sions in close relation to Schaumann bodies in the giant cells of 
granulomas of sarcoid type. The Schaumann bodies gave the staining 
reactions of iron and calcium. Although the possibility that Schaumann 
bodies are formed from crystalline material was mentioned in both of 
these reports, the nature of the crystals was not determined. 

In the 2 cases reported here, the high melting point and the staining 
reactions suggest that the crystalline inclusions are inorganic. The 
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crystals themselves stained positively for ferric iron and the surround- 
ing Schaumann bodies stained positively. for phosphate (calcium). 
The crystals melted at 400° to 500° C. leaving a residue which re- 
mained unchanged even at a temperature of 940° C. The crystals 
were insoluble in bases and soluble in acids. With the material avail- 
able it was not possible to determine the chemical structure of the 
crystals. 

Beryllium ?*"* and talc * produce foreign body reactions similar to 
those of sarcoidosis. Bodies similar to, if not identical with, Schau- 
mann bodies have been demonstrated in the beryllium lesions. In 
neither of the presented cases, however, had there been any known 
exposure to these substances. Furthermore, beryllium was not demon- 
strable by spectrographic analysis of a lymph node from case 1, and 
silicon was not present in the crystals after microincineration. 


SUMMARY 


In 2 cases of disseminated sarcoid-like granulomas, single giant cells 
contained Schaumann bodies in close association with iron-containing 
crystals. In both cases the Schaumann bodies surrounded the crystal- 
line material. Studies of the crystalline material showed that it is 
probably inorganic, contains ferric iron, and is soluble in acids and 
insoluble in bases. The crystals did not contain beryllium, silicon, or 
calcium. The Schaumann bodies were shown to contain phosphates 
(calcium). The possibility is suggested that the Schaumann bodies 
may form as a reaction to the intracytoplasmic crystalline material. 
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DESCRIPTION OF PLATES 


PLATE 162 


Fic. 1. Case 1. Lymph node. Whole crystal in giant cell. Hematoxylin and eosin 
stain. X goo. Armed Forces Institute of Pathology negative no. 103676. 


Fic. 2. Case 2. Lymph node. Group of whole crystals in giant cell. Hematoxylin 
and eosin stain. X goo. A. F. I. P. neg. 103674. 


Fic. 3. Case 2. Lymph node. Cracked crystals in giant cell. Hematoxylin and 
eosin stain. X goo. A. F. I. P. neg. 103673. 


Fic. 4. Unreported case. Lymph node. Cracked crystals in giant cell seen in 
polarized light. Hematoxylin and eosin stain. X goo. A. F. I. P. acc. 119987, 
neg. 104549. 
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PLATE 163 


Fic. 5. Case 2. Lymph node. Cracked crystals partially surrounded by a Schau- 
mann body. Hematoxylin and eosin stain. X goo. A. F. I. P. neg. 103675. 


Fic. 6. Case 1. Lymph node. Schaumann body in giant cell. Hematoxylin and 
eosin stain. X goo. A. F. I. P. neg. 103686. 


Fic. 7. Case 1. Lymph node. Schaumann body in giant cell. Hematoxylin and 
eosin stain. X goo. A. F. I. P. neg. 103677. 
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THE AFFINITY OF FIBRINOID SUBSTANCES FOR ACID DYES* 


Leow Soxotorr, M.D., Atvin Munn, M.D., and T. G. Kantor, M.D. 
(From the Department of Pathology and the Study Group on Rieumatic Diseases, New 
York University College of Medicine and Bellevue Hospital, New York, N.Y.) 


The term fibrinoid has been applied to a substance or substances, 
in a great many tissues, with similarities in appearance to fibrin. These 
characteristics include acellularity, homogeneity, refractivity, and an 
affinity for eosin. The identification of the nature of these fibrinoid 
substances is necessary to determine its significance in the functioning 
of the placenta ' and the pathogenesis of many lesions, particularly of 
the so-called collagen diseases.** The very concept of collagen disease 
rests, in large part, on the altered fibrinoid appearance of collagen in 
lesions of rheumatic fever, rheumatoid arthritis, disseminated lupus 
erythematosus, and, perhaps, periarteritis nodosa. The similarity of 
the appearance of these fibrinoid substances to that seen with the 
Arthus reaction * suggested that an allergic mechanism is involved in 
their pathogenesis.’ There are at least three views concerning the 
nature of the fibrinoid material found in rheumatic lesions: (a) It may 
be altered collagen that has become more eosinophilic; (b) it may 
represent altered ground substance of connective tissues; (c) it may 
actually be fibrin that has exuded into an area of inflammation. Except 
for the inflammatory lesions of serous surfaces, fibrinous exudation 
is not generally considered to be a characteristic feature of the rheu- 
matic process. 

Inasmuch as the histologic identification of fibrinoid substances has 
been based principally on their affinity for acid stain, it-would appear 
worth while to measure their dye-binding capacities in a semi-quanti- 
tative fashion. Singer and Wislocki * have devised an ingenious method 
whereby the intensity of staining of a tissue is estimated photometri- 
cally. This technic has been employed previously with success to dis- 
tinguish: nucleoproteins from sulfuric esters of mucopolysaccharides 
by demonstrating their different degrees of basophilia."* The simi- 
larities in the staining affinities of placental fibrinoid and fibrin for 
acid and basic dyes have been .nterpreted as evidence favoring the 
view that fibrin is an important component of fibrinoid. There are 
few. investigations of the differential acidophilia of tissues. Kindred 
demonstrated that the granules of eosinophilic leukocytes have a 


* Aided by a grant from the Masonic Foundation for Medical Research and Human 
Welfare. 
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greater affinity for acid dyes than do red cells in solutions of increasing 
alkalinity. 

The basis for determining dye-binding affinities is the fact that 
various proteins have distinctive dissociation patterns. For this rea- 
son, the curve obtained by plotting the intensity of staining with acid 
or basic dye against the pH of the staining solution presumably is 
characteristic of each protein system. The pH at which staining of a 
tissue component fails to occur is governed in large part by the isoelec- 
tric point of that structure. The isoelectric point may be shifted 
according to the tissue fixative employed.’’ For this reason, the 
positions of the curves might be altered by varying the methods of 
fixation. Separation of the curves of various substances that are not 
significantly different for a given fixative might theoretically be ob- 
tained as a result, and allow differentiation in a characteristic manner. 


METHODS AND MATERIALS 


The procedures of staining were substantially those of Singer and 
Wislocki.£ They were carefully controlled as to concentration and 
volume of staining solution, pH, ionic strength, and temperature. In- 
stead of orange G, fast green was the acid dye used; methylene blue 
was the basic one. The concentration of the dyes was 5 X 10° molar- 
ity. The buffer system kad an ionic strength of 0.1, and the pH ranged 
from 3.7 to 7.4 as determined with a glass electrode. The sections were 
stained for 24 hours in 1500 cc. of dye solution that was constantly 
being stirred in a water bath maintained at 85° F. Dehydration was 
carried out with tertiary butyl alcohol to prevent loss of dye from the 
section, and the mounting medium was permount.* 

The intensity of staining was determined by placing a photoelectric 
cell over the ocular of the microscope and observing the deflection of 
the galvanometer induced by the amount of light transmitted through 
the stained structure. The photocell was fitted into a scanner unit 
slightly modified from that described by Pollister and Moses.'* This 
contained an iris diaphragm that narrowed the field being studied to 
a minute diameter, usually 8 to 10 pw. Percentage of transmission was 
calculated from the ratio of the deflection of the galvanometer of these 
fields to those of a blank portion of the slide, with the scanner dia- 
phragm open to the same aperture. The source of light was a Mikrark 
illuminator.t The photometer was the photovolt,f model 512, with 
type C cell. Kohler illumination was carried out according to the 


* Obtained from the Fisher Scientific Co., New York, N.Y. 
+ Obtained from the Boone Instrument Co., New York, N Y. 
¢ Obtained from the Photovolt Company, New York, N.Y. 
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description of Lessler and Charipper.** Because of the variations in 
the homogeneity of the tissues, the most compact areas having the 
deepest stain were studied. In each instance, ten such areas were 
measured and the average computed for the points of the curve. For 
the material stained with fast green, a Wratten D filter was employed; 
and for that with methylene blue, Wratten G. The intensity of the 
staining has been plotted as light absorption (100 per cent—trans- 
mission ). 

Fibrinoid substances were studied in a human placenta at term, in 
Aschoff bodies of rheumatic myocarditis, and in subcutaneous nodules 
of rheumatoid arthritis. The curve of the latter was obtained from the 
average determinations on three separate nodules. Washed fibrin, pre- 
pared by recalcifying human plasma, and also fibrin from pericardial 
exudate in a case of uremia were studied. The subcutaneous aponeu- 
rosis and scar tissue surrounding the rheumatoid nodules were the 
sources of collagen examined. The fixatives were 10 per cent formalin, 
80 per cent alcohol, and Zenker’s solution without the addition of 
acetic acid. After staining the Zenker-fixed material, iodine-thiosulfate 
treatment was omitted. 

RESULTS 


The results have been plotted in Text-figures 1, 2, and 3. 

There was considerable variation in the light absorption values for 
the individual tissue points studied, although this was usually within 
a range of + 5 per cent. In addition, there was, at times, much scat- 
tering of the individual points away from the curves despite all 
attempts to chose similar homogeneous fields for measurement. For 
this reason, the axes of the curves should be more than o.5 and prefer- 
ably more than 1.0 pH units apart on the abscissa to be significantly 
different. 

In general, the configuration of the curves conforms to those known 
for acid-base combinations: the intensity of staining with acid dye 
increases at lower pH in each instance; and with basic dyes at 
higher pH. 

The curves confirm the visual impression that fibrin and fibrinoid 
substances are somewhat more deeply colored by acid dyes following 
formalin fixation at many pH levels than is collagen. Nevertheless, 
the loss of staining occurs fairly uniformly for all these materials at 
pH 5.85 and higher. The differences among the acid dye-combining 
affinities of fibrin, fibrinoid substances, and collagen are less striking 
when Zenker’s solution or 80 per cent alcohol is used as a fixative. 

The affinity of fibrinoid material in the subcutaneous nodule of 
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rheumatoid arthritis for methylene blue also appears to be slightly 
greater than that of collagen at many levels of pH. This is particularly 
true after fixation in 80 per ‘cent alcohol, although we are inclined to 
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Text-figure 1. Percentage of light absorbed at varying pH after formalin fixation. The 
points indicating values for tissues stained with fast green are represented by solid sym- 
bols; those for tissues stained with methylene blue, by open symbols. Values for collagen 
are indicated by a circle, for fibrinoid of a rheumatoid nodule by a hexagon, for placental 
fibrinoid by an x, and for plasma fibrin by a triangle. 


consider this of relatively little significance because of the lack of uni- 
formity in the staining of different parts of the section when this fixa- 
tive is employed. As in the case of the acid dye, the pH at which 
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failure of staining occurs does not vary appreciably with the various 
substances studied. 


Compared to those obtained following alcohol fixation, a consistent 
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Text-figure 2. Percentage of light absorbed at varying pH after fixation with Zenker’s 
fluid. The points indicating values for tissues stained with fast green are represented by 
solid symbols; those for tissues stained with methylene blue, by open symbols. Values for 
collagen are indicated by a circle, for fibrinoid of a rheumatoid nodule by a hexagon, for 
fibrinoid of an Aschoff nodule by an asterisk, for placental fibrinoid by an x, and for peri- 


cardial fibrin by the sign for “less than.” 

shift of the curves toward higher pH occurs following fixation in 
Zenker’s solution, and toward lower pH in formalin, The shift is illus- 
trated in Text-figure 4 in which the curves of fast green staining of 
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Text-figure 3. Percentage of light absorbed at varying pH after alcohol fixation. The 
points indicating values for tissues stained with fast green are represented by solid symbols; 
those for tissues stained with methylene blue, by open symbols. Values for collagen are 
indicated by a circle, for fibrinoid of a rheumatoid nodule by a hexagon, for placental 
fibrinoid by an x, for pericardial fibrin by the sign for “less than,” and for plasma fibrin 
by a triangle. 


the fibrinoid of the rheumatoid nodules are plotted. However, there is 
no differential shift in the positions of the curves of the various mate- 
rials as the result of varying the methods of fixation. 


DISCUSSION 


The apparent intensity of staining of the tissue substance is in 
large part determined by the number of acid and basic reacting groups 
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Text-figure 4. Comparison of the curves for light absorption with light green staining 
oi the fibrinoid of a subcutaneous nodule of rheumatoid arthritis following fixation with 
Zenker’s fluid, alcohol, and formalin. 
it possesses. Nevertheless, other factors doubtless contribute to the 
positions of the curves. Probably the most important of these is the 
variable density of the chromotropic material in different fields. Dif- 
ferences in the internal light scattering of the tissues because of their 
lack of homogeneity and their opacity are another factor. There ap- 
pears also to be some slight difference in the shades of color of these 
structures, after staining. The effect of the fixatives is not merely to 
alter the tissues chemically, but also their state of physical dispersion 
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and degree of swelling. For these reasons, the important information 
to be obtained from this type of study is, as Singer and Wislocki * 
pointed out, the pH at which failure to stain occurs, #.e., the apparent 
isoelectric point. The staining of fibrinoid substances, fibrin, and col- 
lagen is lost over comparable ranges of pH. 

The results of this study cannot be interpreted to indicate that the 
intensity of eosinophilia of fibrinoid substances is distinctive or char- 
acteristic. They do not lend support to the thesis that similar degrees 
of acidophilia and basophilia constitute good evidence that placental 
fibrinoid is largely fibrinous,* since a similar, apparent isoelectric 
point is shared by collagen that has an entirely different composition. 
They also detract from the argument that the increased eosinophilia 
of fibrinoid substances indicates that a histone or some other basic 
protein from necrotic tissue is involved in the formation of the 
fibrinoid.? 

SUMMARY 


Fibrinoid material found in subcutaneous nodules of rheumatoid 
arthritis, Aschoff bodies, and in a human placenta was analyzed photo- 
metrically in order to determine its affinity for the acid dye, fast green, 
and the basic dye, methylene blue, at varying hydrogen ion concentra- 
tions. It was hoped that it would be possible to determine whether or 
not these substances are related to collagen or fibrin. It was found, 
however, that all of the tested fibrinoid materials, as well as fibrin and 
collagen, have similar, apparent isoelectric points. It has, therefore, 
not proved possible to determine by this technic whether fibrinoid 
material represents altered collagen or is actually fibrinous. 
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THE MORBID ANATOMY OF EXPERIMENTAL COXSACKIE 
VIRUS INFECTION * 


Repecca Grrrorp, D.V.M., and Datiporr, M.D. 
(From the Division of Laboratories and Research, New York State Department 


of Health, Albany 1, N.Y.) 

The Coxsackie viruses are selectively pathogenic for immature mice 
and hamsters and characteristically induce in them degenerative 
lesions of the skeletal muscles.' The strains that were first isolated 
cause lesions only of the muscles, but others have since been found 
that affect the central nervous system as well as other organs and 
tissues. The morbid anatomy of Coxsackie virus infection is therefore 
a key not only to identification but also to classification into groups. 
Groups A and B ® are now defined. Little is known about the diseases 
they may induce in man, but, since they differ significantly in size * as 
well as in their effect on experimental animals, the distinction probably 
is not without importance. Under the circumstances it seems worth 
while to describe the lesions which we rely on for identifying and classi- 
fying the Coxsackie viruses and to report on several years’ experience 
with the criteria. 

MATERIALS AND METHODS _ 


The report is based on the gross and microscopic examination of 
255 mice younger than 10 days of age and 2 suckling hamsters that 
had been infected with ten serologically distinct types of Coxsackie 
viruses. The mice were all of the Albany standard strain. Following 
skinning, they were fixed im toto in Zenker’s solution plus 5 per cent 
glacial acetic acid. Sections were cut at various levels of the mice and 
were routinely stained with hematoxylin and eosin and by Giemsa’s 
method. Limited use was made of phosphotungstic acid hematoxylin, 
Macchiavello stain, Schleifstein’s stain for Negri bodies, the Ziehl- 
Neelsen method, and phloxine-tartrazine. The Bodian, Laidlaw, and 
Pappenheimer stains were used in preliminary examinations of the 
motor end-plates. Giemsa’s method has so far proved to be the most 
satisfactory for general use. 


Coxsackie Virus, Group A 


Group A includes at least eight antigenically distinct types of virus, 
all of which caused similar symptoms and lesions in mice and could 
be distinguished only by serologic means. The animals developed 
flaccid paralysis of one or more limbs and generally died within a 

* Received for publication, February 19, 1951. 
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day or two following the first evidence of weakness. They showed no 
signs of encephalitis. Opaque, whitish streaks in the skeletal muscles 
of severely paralyzed mice might be seen macroscopically. Microscopic 
examination showed extensive hyaline degeneration and active repair 
in most or all of the striated muscles. The muscles of the extremities, 
of the diaphragm, the thoracic and abdominal walls, and those of the 
throat, jaws, and scalp commonly were involved, often to similar de- 
gree. Involvement of the muscles of the trunk wall was common in 
mice infected with group A strains and uncommon in group B mice. 

The process began with changes in the appearance of the muscle 
fibers, which lost their finer detail and soon underwent hyaline degen- 
eration, fragmentation, and clumping. Separation of fibers was com- 
mon also. Repair quickly followed, being manifest by the appearance 
of young mesenchymal elements that surrounded the muscle fiber 
fragments and proliferated at a lively rate. Most of these were myo- 
blasts. A few inflammatory cells might be present. Repair was extreme 
in degree, owing possibly to the immaturity of the animals; well de- 
veloped lesions were typically hyperplastic in character (Figs. 1 
and 2). 

All but one of the 122 group A mice that we have studied have 
shown muscle lesions. Such changes have never been found in normal 
mice of the same ages. Rapid growth is a characteristic of the skeletal 
muscles of normal unweaned mice but in them the cellular areas are 
located near the ends of the muscle bundles and the growth phenomena 
are restricted in degree and without degenerative components. 

Whether the muscle lesion is primary or follows damage to the 
terminal motor nerve structures, as Sanz Ibafiez * demonstrated in the 
case of Columbia SK virus infection (in which the muscle lesions are 
similar), we do not know. It has been learned that creatinuria in- 
creases during the period in which lesions develop. The initial rise in 
creatine occurs as early as, or before, the first morphologic effect, and 
during the late stages may be ten times the normal.® 

Lesions have not been found in other organs or tissues of mice in- 
fected with group A strains. The central nervous system has been 
methodically surveyed in 44 animals without finding evidence of any 
abnormality. Neither lesions of fat nor inclusion bodies have been seen. 

Mice inoculated by the intracerebral, intraperitoneal, and intra- 
muscular routes have all developed generalized degeneration of the 
skeletal muscles to a similar degree. Thus the route of inoculation 
does not determine the morphologic response. 
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Coxsackie Virus, Group B 


Mice infected with group B strains present a somewhat different 
picture. They often have generalized spasms as well as weakness and 
paralysis or they may be only paralyzed. Tremors are common. Fre- 
quently the tail is tremulous and rigid. Dyspnea and cyanosis often 
are observed. Gross findings may consist of liquefaction of the 
cerebral hemispheres and congestion or pallor of the fat pad between 
the scapulae, the so-called hibernating gland. Muscle lesions have 
never been recognized grossly. In contrast to group A mice, these ani- 
mals may survive for as long as 10 days and some may recover. 

Histologic examination disclosed muscle involvement in approxi- 
mately two-thirds of our animals. The lesion differed from that 
described for group A in being focal rather than generalized, and for 
this reason it might be overlooked unless the mice were examined in 
great detail (Figs. 3 and 4). It is possible, for the same reason, that 
muscle lesions occurred in some of our animals in which they were not 
found. Isolated muscles in the extremities, particularly the psoas 
muscle, often were involved. The masseters frequently were affected, 
and lesions were seen in the tongue. The focal character was generally 
the first clue to the group. The structural details were indistinguish- 
able from those associated with group A infections unless, perhaps, 
repair was relatively more prominent than degeneration. This, it is 
suspected, was due to the slower evolution of the group B lesion. In 
both cases the cellularity was due to an accumulation of rapidly divid- 
ing young muscle cells that surrounded muscle fiber fragments and 
eventually produced complex cellular whorls in which only small frag- 
ments of the pre-existing muscle fiber remained. Mice inoculated 
intraperitoneally tended to develop more severe muscle changes than 
those infected by the intracerebral route. 

Skeletal muscle lesions were not found by Pappenheimer, Daniels, 
Cheever, and Weller ® in mice infected with several strains of virus 
that do have the second of the two cardinal characteristics of the 
Coxsackie viruses: pathogenicity limited to newborn mice. Two of 
the strains, De Mole and Kine, were supplied to us by Dr. T. H. 
Weller. Muscle lesions were found in most of the Albany mice in- 
fected with them. Serologic tests in both laboratories showed them 
to be related to the Connecticut no. 5 strain of Coxsackie virus (group 
B, type 1). 

Lesions of the cerebrum were as common as those of muscle in the 
mice infected with group B strains. The most conspicuous change 
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(found most often in intracerebrally injected animals) began in the 
cerebral hemispheres, was usually bilateral and symmetrical, and con- 
sisted first of a patchy dissolution of the parenchymal cells resembling 
early anemic necrosis. The death of neurons occurred very quickly in 
the course of the process and was followed by widespread liquefaction 
and an infiltration of a few polymorphonuclear leukocytes. The cere- 
bral hemispheres of mice that survived for a number of days were 
transformed into cystic masses. The early and late lesions are shown 
in Figures 5 to 8. 

The process was most common in the frontal lobes. The olfactory 
bulbs were intact in all but one case. Occasionally the hippocampus 
was the site of the initial lesion. The midbrain and thalamus were 
commonly involved. In addition, the pons, medulla, and the upper 
levels of the spinal cord might be affected. Elsewhere than in the 
cerebral hemispheres, the damage to the central nervous system was 
focal and degeneration was limited to small areas or to particular 
nuclei. 

Vascular lesions might be found in the central nervous system (Figs. 
g and 10). Dilatation accompanied by some thickening of the vascular 
endothelium was a feature of the earliest stages of cerebral involve- 
ment and was, if anything, more common and pronounced in the 
neuraxis. Infiltration about the affected vessels was seldom conspicu- 
ous. No thrombi or hemorrhages were found. The endothelium fre- 
quently was finely stippled in Giemsa-stained preparations. 

Vascular lesions occurred in some cases in the absence of cerebral 
softening. It was found that intracerebrally inoculated mice developed 
severe cerebral degeneration in most instances, while those inoculated 
intraperitoneally characteristically showed only vascular changes or 
no abnormalities of any kind. 

Various stages of degeneration were observed in the neurons of the 
anterior horns of the spinal cord in 2 suckling hamsters inoculated 
intraperitoneally. Several of these cells are shown in Figures 11 and 
12. Occasionally neuronophagia was noted but this was much less 
frequent than alterations in the chromatin. In view of the many 
similarities between the Coxsackie and poliomyelitis viruses, it is of 
some interest that the anterior horn cells may be involved in Coxsackie 
virus infection. Ward‘ referred to similar observations in a recent 
review. 

A unique lesion was found in the fat pads (Figs. 13 and 14). It 
was most conspicuous in the large pad between the scapulae, but 
usually other depots were simultaneously involved. The process 
commonly began at or near the periphery of the lobules. Areas of 
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necrosis were seen in which only the shadows of cell outlines and 
fibrillar material could be identified. About the necrotic zone was a 
fairly loose inflammatory reaction consisting of leukocytes and con- 
nective tissue elements with which were mixed regenerating fat cells. 
The general structure was somewhat like pancreatic fat necrosis in 
man from which it differed in the incompleteness of its necrosis and 
in its inflammatory response. 

Myocardial lesions were found in 3 of the 51 group B mice in which 
the heart was adequately examined. They seemed to be similar to 
those in the skeletal muscles and to consist primarily of degeneration 
of the muscle fibers with limited regeneration and inflammation. Two 
of the lesions in the present series were located in the wall of the left 
ventricle. In one a large lesion near the apex continued by irregular 
extensions to the endocardial surface. The margins of the affected 
regions were diffuse and irregular. The myocardial fibers appeared 
faded and, in the larger foci, faintly hyaline. Near the margins muscle 
cells with hydropic degeneration were noted. Fragmentation and loss 
of muscle fibers occurred in relatively large areas and such spaces 
were occupied by young spindle and stellate cells, some of which had 
prominent cytoplasmic extensions and resembled young muscle cells. 
Many of the cells were thought to be young connective tissue elements. 
Inflammatory infiltration composed mainly of polymorphonuclear 
leukocytes was pronounced in one case and almost absent in another 
(Figs. 15 and 16). 

A few cardiac muscle cells were found in which clusters of acido- 
philic granules could be seen. They suggested the collections men- 
tioned by Carey et al.**° near degenerated motor end-plates in striated 
muscle fiber. While the lesions extended to the surfaces of the heart, 
in neither case was a significant or conspicuous cellular reaction noted 
in the pericardium or endocardium. Only slight edema and an occa- 
sional foreign cell were found in these areas. 

Hepatitis of varying degree was encountered sporadically in group 
‘B mice. Three of the 53 animals in which the liver was examined 
adequately presented severe parenchymatous degeneration. One of 
the 3 was markedly icteric but it was not possible to reproduce the 
jaundice or hepatitis in subsequent passages of brain material, although 
the usual group B lesions were perpetuated. Similar, but less severe, 
degeneration occurred in the other 2 mice. The livers of most young 
animals, infected or not, contained prominent collections of hemato- 
poietic elements and large multinucleated cells considered to be mega- 
karyocytes. The involution of the latter may account for the 
acidophilic oval masses seen in somewhat older animals. What rela- 
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tion, if any, these masses have to the lesions reported by Pappenheimer 
et al.® is not clear. 

In the report by Pappenheimer,* emphasis was placed on lesions of 
the liver, necrosis of the acini of the pancreas, and alternating areas 
of emphysema and atelectasis of the lungs, in addition to changes in 
the adipose pads and central nervous system of the kind we have 
described. With the exception of the hepatic lesions referred to, our 
own experience differed. Lung lesions have occurred in our animals 
but have not been relied upon as a significant finding. Pancreatic ne- 
crosis has not been seen. Pappenheimer called attention to the greater 
frequency of hepatic and pancreatic lesions in mice inoculated imme- 
diately after birth. That the variance in results cannot be explained 
wholly by the age of the animals is suggested by our failure to repro- 
duce hepatic and pancreatic lesions in mice of the Albany standard 
strain that were inoculated on the day of birth with the De Mole or 
Kine strains. This suggests differences among various strains of mice. 

Whether the test animals are responsible also for the discrepancy 
regarding muscle lesions requires further study. Pappenheimer and 
his co-workers ® have themselves indicated that this factor may play 
a part. They found that a small group of mice of another strain was 
more prone to muscle lesions than their own. They also called atten- 
tion to the differences in their experimental procedures. The frequency 
of muscle lesions has been consistently reported by various other 
workers. The possible existence of a third group of Coxsackie viruses 
must be borne in mind. 

Inclusion bodies were sought but not found. 


Use or Histotocic CRITERIA 


Certain observations regarding the strains of Coxsackie viruses 
studied in our laboratories are summarized in Table I. The list in- 
cludes most of the strains isolated in New York from 1947 through 
1949, and a number supplied by others. The grouping into serologic 
types is based on tests that will be reported elsewhere. Table I shows 
clearly that all of the strains classified under group A have consistently 
produced muscle lesions, and have as consistently failed to affect the 
central nervous system, the fat tissues, or the viscera. The route of 
inoculation was not important. 

Group B strains have a more erratic behavior. Focal muscle lesions 
have been found in 65 per cent of the intracerebrally inoculated mice, 
and in 86 per cent of those injected intraperitoneally. The percentage 
might have been higher if more complete sections had been taken from 
each animal in order to locate each focus of degeneration. Lesions of 
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the central nervous system occurred in 83 per cent of the intracere- 
brally inoculated mice, but in only 26 per cent of those infected by 
the intraperitoneal route. Lesions of the fat pads or hibernating glands 
were found in 89 per cent of the animals, independent of route. 

The mice studied represent all stages in the isolation of the various 
strains. The practice has been to save tissues for histologic study 
from the first generation and one or more later generations of each 
strain as it became established. Since some strains, especially those 


Taste I 
Histologic Classification of Coxsackie Viruses 


ons Poke of ener of Frequency of lesions of 
type examined examined Muscle Brain Fat 
% % % 
A I 8 55 98 None None 
2 8 35 100 None None 
3 I 4 100 None None 
4 5 13 100 None None 
5 I 4 100 None None 
6 I 2 100 None None 
7 3 7 100 None None 
8 2 2 100 None None 
B I II 124 ic* ipt ic ip 89 
65 86 83 26 
2 I 9 100 26 100 
Total 10 | 41 255 


* ic = intracerebral. 

t ip = intraperitoneal. 
of group B, are difficult to adapt to the experimental animals, it is not 
surprising that lesions are less frequently observed in the earliest gen- 
erations. Differences in the pathogenicity of the individual strains 
may also play a part. It is believed that the results of the histologic 
studies should be interpreted with these factors in mind. Nevertheless, 
it is true that all of the group B strains that we have studied have 
been capable of inducing the diagnostic lesions in most mice. 

The distinction between the two groups may often be suggested by 
the clinical and macroscopic appearance of the mice. Strains that 
induce flaccid paralysis and pale skeletal muscles are considered 
candidates for membership in group A. Those that induce meningeal 
signs, with or without paralysis, and paleness only of the fat pads or 
hibernating glands belong in group B. Microscopic examination is re- 
quired before any strain is admitted as a provisional member of either 
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group. The attainment of full membership is dependent upon rigorous 
and detailed serologic tests. Although the histologic study cannot 
separate the strains of Coxsackie viruses into types within their groups, 
it can separate them distinctly into the two main groups, A and B, 
neither of which has any antigenic relationship to the other. 

Each strain has so far retained its original character despite numer- 
ous passages through mice. 


Discussion 


The histologic differences seen in mice infected with various strains of 
Coxsackie viruses provide a simple means of separating the strains so 
far encountered into two groups. Those members of the two groups 
that have been examined are also significantly different in the size of 
their elementary bodies. It is not known whether the two groups are 
responsible for different responses in man. The evidence is still too 
fragmentary. In our own experience group A strains have been iso- 
lated from patients with symptoms of paralytic or non-paralytic polio- 
myelitis. The 8 New York patients from whom we have recovered 
group B strains were not paralyzed. The strains isolated from the 
1947 epidemic of pleurodynia ™ also fall in group B. It would seem 
of considerable interest to characterize newly isolated strains histo- 
logically as well as serologically and to attempt to relate the type and 
group with the circumstances under which they occurred. 

The Coxsackie viruses have unusual tissue tropisms. Earlier expe- 
rience had taught us that the muscles of group A mice are highly 
infectious as well as morphologically diseased. Cheever, Daniels, and 
Hersey ** have reported evidence of tropism regarding the infectivity 
of the fat tissues following infection with strains that cause fat lesions. 
We know that the brain is both infective and diseased in group B 
infections. Thus muscle, central nervous system, and fat are incrimi- 
nated by both histologic and animal tests. 

Muscle tropism is shared by the Columbia SK virus, as Rustigian 
and Pappenheimer ** demonstrated. According to Sanz Ibdjfiez,* the 
muscle lesion is preceded by degeneration of the motor end-plate. Thus 
there is anatomical similarity between the effects of Columbia SK and 
Coxsackie virus infection. Jungeblut '* has discussed the possible sig- 
nificance of the lesions in terms of both diseases. 


CONCLUSIONS 


The lesions induced in experimental animals by 41 strains of Cox- 
sackie viruses representing 10 serologic types have been examined. 
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All of the strains caused degeneration of the striated muscles. Twelve 
strains caused lesions of the fai pads and central nervous system as 
well. The lesions provide a simple means of classifying the Coxsackie 
viruses into the two groups (A and B) that are now recognized. 


ADDENDUM 


Since this paper was submitted for publication, a few experiments with Dr. Pappen- 
heimer’s Powers strain © were made. Lesions of the pancreatic acini were found in 4 
of 17 suckling mice of the Albany strain that were examined microscopically. Mice 
injected in the thigh developed severe lesions in the inoculated limb and milder 
changes throughout the other skeletal muscles. 

Attempts to produce pancreatic disease in adult Albany mice with several group B 
strains in the manner described by Pappenheimer, Kunz, and Richardson *5 have not 
been successful thus far. 
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DESCRIPTION OF PLATES 


PLATE 164 


Fics. 1 to 4. Muscle lesions due to Coxsackie virus infection. Fig. 1 shows the 
usual appearance of lesions induced by group A strains. X 130. Fig. 2 rep- 
resents a later stage of a group A lesion. The degenerate muscle ‘fibers are 

‘ still present but regeneration is well advanced. X 600. Figs. 3 and 4 are of 

lesions induced by a group B strain of virus. X 130. Figure 3 shows spotti- 

- mess as seen within individual muscles; Figure 4 shows only one of four 
muscles involved. 
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Fics. 5 to 8. Cerebral lesions associated with group B Coxsackie virus infections. 
Fig. 5 is of a cerebral hemisphere in which one segment has undergone degen- 
eration. X 30. Fig. 6 is a late effect in a cerebral hemisphere. The cystic 
areas follow widespread liquefaction and occur some days after the onset of 
symptoms. X 30. Fig. 7 shows some of the detail of an early lesion, the 
dilatation of vessels and necrosis of neurons. X 130. In Fig. 8 the process is 
somewhat more advanced. Parenchymal elements have disappeared and ne- 
crosis is well advanced. X 130. 
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Fics.gto12. Additional lesions associated with group B Coxsackie virus infec- 
tion. Fig. g illustrates the granulomatous lesions encountered in the deeper 
parts of the brain. 130. Fig. 10 shows a dilated vessel in which endo- 
thelial thickening is evident. The endothelial cells in such lesions are sometimes 
stippled with “dust.” >< 600. Fig. rz represents the anterior horn of the 
spinal cord of a hamster infected with a group B, type 1 strain. Near the 
lower margin is a neuron undergoing phagocytosis. Other neurons show de- 
generation. X 450. Fig. 12 shows an additional degenerate neuron of the 
anterior horn. The changes in Nissl substance are commonly seen. XX 1350. 
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Fics. 13 to 16. Group B Coxsackie virus infection in mice. Adipose tissue and 
cardiac lesions. Fig. 13 represents the early stage of degeneration at the 
margin of a fat pad. X 600. Fig. 14 is of a more fully developed lesion. 
Repair and necrosis of the fat cells near the margin are evident. The intact, 
young fat cells shown in Figure 13 may be contrasted with those in Figure 14. 
X 600. Fig. 15 is of a lesion of the myocardium. X 130. The detail is shown 
at greater magnification in Fig. 16. X 600. 
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VIRUS-INDUCED MITOSIS IN ADULT NERVE CELLS OF 
THE RABBIT RETINA * 


Joun R. Overman, M.D.,t and Dortcn, Jr., M.D. 

(From the Department of Pathology, Duke University School of Medicine, Durham, N.C.) 

A variety of morphologic changes may occur in the eyes of experi- 
mental animals following the intraocular inoculation of viruses. In 
general, viruses which multiply intraocularly produce histologic alter- 
ations characterized by necrosis and inflammatory cell exudation found 
predominantly in either the retina or the corneal endothelium, depend- 
ing on the tissue predilection of the virus.’* Associated histologic 
findings in virus-infected eyes may include stimulation of mitotic 
activity in some cells,* inclusion bodies, if these are usually produced 
by the virus in question,* and corneal opacity. Stimulation of mitotic 
activity is well known as a stage in virus infection of cells ** but this 
reaction has been reported only in cells which normally divide by 
mitosis. Thus, herpes simplex virus may infect both retinal neurons 
and epithelial cells of the cornea as evidenced by inclusion bodies in 
these cells, but virus-induced mitotic activity is observed only in the 
epithelial cells.* Virus-infected retinal nerve cells have not been re- 
ported to exhibit mitotic activity, which is not surprising since adult 
nerve cells are thought never to exhibit mitosis under any conditions. 

The present paper reports the morphologic changes induced in the 
rabbit eye following injection of Semliki Forest virus (SFV) into the 
vitreous. Quantitative studies of SFV growth in the rabbit eye show 
that maximum intraocular multiplication is attained rapidly.” The 
virus remains in high titer for several days and thereafter can be 
recovered from the eye in variable amounts for 3 or 4 weeks. in the 
experiments to be described, histologic studies of rabbit eyes have 
been made at various intervals after injection of SFV into the vitreous. 
The most striking reaction of the ocular tissues to the virus is the 
appearance of cells in mitosis in the retinas of adult rabbits. This 
mitotic process, which is arrested in metaphase, is present in eyes 
removed at prolonged intervals after virus inoculation and is limited 
almost entirely to cells in the outer nuclear layer. Evidence will be 
presented that mitosis represents an abortive attempt of the visual 
nerve cells to divide after virus stimulation. 


MATERIALS AND METHODS 


Semliki Forest Virus (SFV). SFV was first isolated and described by Smith- 
burn and Haddow.?® This virus was obtained from Dr. William F. Friedewald as 

* Received for publication, January 15, 1951. 

+ Now at Department of Medicine, Columbia University, College of Physicians and 
Surgeons, New York, N.Y. 
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a lyophilized mouse brain extract preparation and has been maintained in this 
laboratory by intracerebral passage in mice. Virus suspensions were prepared by 
inoculating 0.04 ml. of a 10~*-° dilution of SFV mouse brain extract into a group 
of mice. After 36 hours the mice were sacrificed and the brains removed. The 
brain tissue was ground in a mortar with alundum and 10 per cent extracts made by 
suspending the ground material in a 1o per cent solution of tryptose phosphate 
broth-saline, pH 7.2. The extracts were then cleared by centrifugation at 3000 
r.p.m. for 15 minutes. All extracts were used immediately after preparation. 

Intraocular Inoculation. In the present experiments all intraocular inoculations 
were made into the vitreous of domestic rabbits in a manner previously described.? 
Penicillin, in a concentration of 200 units per ml., and streptomycin, in a concen- 
tration of 200 pg. per ml., were added to all SFV mouse brain extract material used 
in the eye inoculation experiments. 

Eye Extracts. Eye tissue to be extracted for virus was ground in a mortar with 
alundum. The sclera, which resisted grinding, was weighed and discarded and the 
remaining tissue was then diluted to 10 per cent by weight with tryptose broth- 
saline solution. Serial ten-fold dilutions of the virus extracts were made in tryptose 
broth-saline solution and injected intracerebrally into groups of 4 to 6 mice. The 
virus titers were calculated according to the method of Reed and Muench !! and 
are expressed as the logarithm of the LD.» per 0.04 gm. of tissue extracted. 

Fixatives and Stains. Eye tissue was fixed in Bouin’s solution and brain tissue 
was fixed in 10 per cent neutral formol-saline solution for 48 hours. Paraffin-em- 
bedded sections were then cut at 6 p» and stained with hematoxylin and eosin. 
Various special stains were used, the technics for which are described by Lillie.!? 


HistoLocic STUDIES OF THE ADULT RABBIT EYE TOWARD THE END 
OF THE PHASE OF MAxImuM Virus MULTIPLICATION 


The most extensive morphologic changes in virus-infected eyes are 
presumed to occur during or toward the end of the phase of maximum 
intraocular virus multiplication; however, the histologic findings asso- 
ciated with intraocular virus infections have not been correlated with 
quantitative determinations of virus growth. Previous studies have 
shown that SFV can be obtained in highest titer from the rabbit eye 
2 to 6 days after injection of this virus into the vitreous and that the 
SFV recovered during this period represents a 100 to 1000 fold in- 
crease over the amount of virus contained in the inoculum.® The first 
experiment was designed to study the histologic reaction of the ocular 
tissues toward the end of the phase of maximum intraocular virus 
growth. 

Experiment 1. Serial ten-fold dilutions of an SFV mouse brain extract were in- 
jected into the vitreous of one eye of each of 3 adult rabbits, and corresponding 
dilutions of a normal mouse brain extract were injected into the other eye of these 
animals. The LD; titer of the SFV extract was log 6.7 on intracerebral inoculation 
in mice. The rabbits were sacrificed 5 days after inoculation, the eyes removed and 
weighed, and the weight of the whole eye taken as the dilution factor of the inocu- 
lum. The eyes were then cut in half in the anterior-posterior axis; half of each eye 
was fixed in Bouin’s solution for sectioning, and the other half was extracted for 
virus as described under Methods. The LDzo titer of the eye extracts was deter- 


mined in mice. Half of each eye injected with normal mouse brain material was 
extracted to 10 per cent and this dilution, only, injected into groups of 6 mice. No 


MITOSIS IN ADULT RABBIT RETINA 1067 


detectable virus was recovered from the eyes injected with control material. Blood 
agar and thioglycollate broth cultures made of these eyes at the time of sacrifice 
showed no bacterial growth. 

In addition, both eyes of 6 adult rabbits were injected with varying dilutions, 
from 10-'-” through 10-*-", of the SFV extract, and 5 rabbits were similarly inocu- 
lated with comparable dilutions of a normal mouse brain extract. These rabbits 
were sacrificed 5 to 8 days after inoculation; the eyes were removed and fixed intact 
to preserve normal anatomical relationships and to allow examination of the eye 
fluids which are lost when the eye is opened. The findings to be described were 
based on a study of 125 sections from 15 eyes injected with SFV and 135 sections 
of 13 eyes injected with control material. 

Sections of the virus-infected eyes were remarkable in that no histo- 
logic alterations were found which could be attributed to virus growth. 
Non-specific changes, present in both SFV and control inoculated eyes, 
consisted of a moderate round cell infiltration of the vitreous, occa- 
sional retinal edema, and a few swollen, heavily stained cells in the 
outer portions of the retina representing terminal stages of cytolysis. 
These changes, however, were minimal and all the inoculated eyes 
revealed a striking lack of histologic reaction. It was of interest that 
different eyes receiving the same inoculum showed marked variability 
in the extent of the non-specific response. Thus, some eyes injected 
with normal mouse brain extract showed retinal edema whereas other 
eyes injected with the same dilution of the same extract showed none. 
In the absence of appropriate controls, some of the non-specific 
changes might have been attributed to virus growth, particularly since 
SFV does not produce cell inclusions. Other than inclusion bodies, 
only retinal edema and retinal detachment have been reported in histo- 
logic studies of rabbit eyes made after injection of herpes simplex virus 
into the vitreous.* Retinal detachment was not found in the present 
experiments although post-mortem separation of the retina was present 
in many sections from both control and experimental eyes. Unna- 
Pappenheim, Feulgen, and periodic acid-Schiff’s stains contributed no 
new findings. 

The virus titrations, made,on tissue from some of these eyes and 
summarized in Table I, confirm the report that intraocular multiplica- 
tion of SFV occurs after the injection of log LDso 2.0 to 4.0 of this 
virus into the vitreous. Thus, definitive proof was obtained that this 
ocular tissue supported virus multiplication, yet histologic studies of 
part of this tissue revealed no cellular reaction not present in the con- 
trol eyes. It is apparent, then, that significant intraocular multiplica- 
tion of SFV may occur without producing discernible morphologic 
changes at the time interval after virus inoculation used in this experi- 
ment. The explanation for this is not clear, but the lack of cellular 
changes may be due to the growth of SFV occurring in a relatively 
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small number of cells. If the cells which supported SFV growth 
amounted to only a few per section, histologic alterations in these cells 
would be difficult to interpret since control extracts induced cytolysis 


Taste I 


Multiplication of Semliki Forest Virus in the Rabbit Eye 
after Intraocular Inoculation * 


Yield of SFV 
Inoculum days after inoculation 
no. Dilution of LDw 
mouse brain extract FV Expectedt Actual 
I SFV 1971.0 5-7 4.0 3.3 
2 1972.0 4-7 3.0 4-7 
(right eye) 
3 ‘a 1073.0 3-7 2.0 5.1 
1 1071.0 ° ° of 
-2.0 

2 (left eye) 10 ° 
3 1073.0 ° 


* Half of each eye fixed for histologic examination and half extracted for virus. 
+ The amount of virus which could be recovered from the original inoculum if no loss or 
multiplication of virus occurred. 


¢ Signifies that 10 per cent extracts failed to cause the death of half of a group of 6 mice. 
to this extent in the retina. On the other hand, many cells may have 
been infected but apparent reaction to SFV infection may be delayed 
until after the time limits of the present experiment. 


MorpHoLocic CHANGES IN EvEs oF ADULT RABBITS AT PROLONGED 
INTERVALS AFTER INOCULATION WITH SFV 


After the injection of 10° or 10°*° dilutions of SFV mouse brain 
extract into the vitreous, the inoculated eyes contain virus in variable 
amounts up to 33 days after inoculation.® Since the experiments with 
adult rabbit eyes at the time of maximum virus multiplication failed 
to reveal specific histologic changes, the next experiments were de- 
signed to study the ocular reaction to SFV at intervals representing 
more prolonged contact of the ocular tissues with this virus. 


Experiment 2. Both eyes of a group of 14 adult rabbits were inoculated with 
1o~1-9 dilutions of one of four different SFV mouse brain extracts. The log LD5o 
titer of these extracts in mice varied from 7.0 to 8.5. At intervals varying from 10 
to 148 days after inoculation rabbits were sacrificed and the eyes removed for 
histologic examination. One whole eye from 3 of 4 rabbits sacrificed at 20 days was 
extracted for virus, the other eyes of these rabbits being fixed intact. Both eyes of 
one rabbit were inoculated with heat-killed SFV. This was prepared by heating 
1 ml. of a 10 per cent SFV mouse brain extract to 60° C. for 90 minutes. Part of 
this heated extract was injected intracerebrally into 6 mice, which remained well. 
Both eyes of 7 adult rabbits were injected with a 1o-1-° dilution of a normal mouse 
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brain extract. All animals remained clinically well.* The histologic study consisted 
of 160 sections of 20 SFV inoculated eyes and 105 sections from 8 control eyes. 

The most striking and consistent reaction in the SFV injected eyes 
was the appearance of very large mitotic figures in the outer nuclear 
layer of the retina (Figs. 1 to 5). The cells in mitosis varied from 7 
to 35 » in diameter (14 to 24 pw in average diameter), had a homo- 
geneous eosinophilic cytoplasm, and were in metaphase. No anaphase 
or telophase figures could be found. Prophase nuclei were not identi- 
fied but they may have been obscured in the dense outer nuclear layer. 
In about half of the mitotic figures, the chromosomes were paired 
(Fig. 1) and were in the typical metaphase pattern; however, the rest 
showed atypical patterns with the chromosomes scattered at random 
throughout the cytoplasm (Figs. 2 and 3) or grouped eccentrically in 
the cells, either singly or in pairs (Fig. 4). The chromosomes were not 
abnormal in size and the number usually appeared to be normal, but 
accurate counts could not be made in sectioned material; in sections 
cut thick enough to include all of the chromosomes, they overlaid and 
obscured one another. In several instances, the cytoplasm of the cells 
in mitosis extended into processes which could be traced into the inner 
nuclear layer (Figs. 1 and 2). Approximately 275 of these mitotic 
figures were studied and all showed essentially the same characteris- 
tics. All but two of the cells in mitosis were in the outer nuclear layer, 
the two exceptions being found in the inner nuclear layer. No nuclear 
membrane was present in any of these cells and Giesma stains revealed 
no inclusion bodies. The Feulgen reaction was positive for the chromo- 
somes. Numerous other special stains, including the periodic acid- 
Schiff stain, contributed no new findings. 

The second most common reaction in the SFV inoculated eyes con- 
sisted of sharply demarcated, non-confluent foci of retinitis (Fig. 5) 
which varied in size from 0.1 to 8.5 mm. The earliest lesion consisted 
of widespread cytolysis of the outer nuclear layer with much cellular 
débris and many macrophages. In more extensive lesions the inner 
nuclear layer was involved and the distinction between the inner and 
outer nuclear layers lost. In some instances all layers were destroyed. 
Evidence of subsiding retinitis was found in some sections from eyes 
removed 42 to 148 days after inoculation. This consisted of an ab- 
sence of inflammatory cells and débris, the outer nuclear layer fre- 
quently showing focal areas in which nuclei were absent and only clear 


* Six SFV and 12 control inoculated eyes in experiments 2 and 3 became severely in- 
flamed and Staphylococcus aureus was isolated. These eyes were discarded from both experi- 
mental and control groups. 
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spaces remained. In other areas this layer was reduced to a thickness 
of only one or two nuclei. No gliosis was present. Moreover, no vascu- 
lar lesions were found, indicating that these reactions were not the 
result of retinal infarction but were due to the direct effect of SFV on 
the neurons of the retina. Occasional cells were found in the outer 
nuclear layer of SFV eyes which contained irregularly shaped or mul- 
tiple pale-staining nuclei and it is possible that, in a few cases, mitosis 
had been completed, resulting in these cells. Their rare occurrence is 
consistent with the view that mitosis is usually arrested. On the other 
hand, so few of these cells have been found that they may be unrelated 
to mitotic activity. One such cell was found in a section from one eye 
Taste II 


incidence of Retinitis and Retinal Mitosis in Rabbit Eyes Injected with Concentrated 
(107! Dilution) Semliki Forest Virus Mouse Brain Extracts 


Day of Number Number 
sacrifice of of Cells Retinitis 
after eyes sections Retinitis in and /or 
inoculation examined examined* mitosis mitosisf 
11 2 16 o/2 o/2 o/2 
13 4 32 2/4 1/4 3/4 
15 2 16 1/2 1/2 2/2 
20 5 40 2/5 3/5 
42 2 16 1/2 1/2 1/2 
134 3 24 1/3 2/3 2/3 
148 2 16 1/2 1/2 1/2 


* Sections cut at 6 uw. 

+ For explanation of this column, see text. 
injected with heat-killed SFV, but, other than this, sections from eyes 
injected with heat-killed SFV and removed 20 days after inoculation 
were comparable to all other control eyes. 

The incidence of mitosis and retinitis in this experiment is sum- 
marized in Table II. The column entitled “retinitis and/or mitosis” 
indicates the number of eyes at each time interval which showed one 
or both of these reactions over the total number of eyes examined. 
The most consistent response was at the 15 to 20 day period when all 
7 experimental eyes examined showed one or both reactions. Six con- 
trol eyes at this period and other control eyes removed 11 and 42 days 
after inoculation showed only the non-specific changes previously 
described. The lack of a specific reaction in 6 of 20 SFV eyes is 
probably more apparent than real since both of the specific responses 
were limited to a very small portion of the retina and complete serial 
sectioning of all negative SFV inoculated eyes would be necessary to 
state definitely that these reactions were not present. It is also ap- 
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parent that eyes were most consistently positive in the 15 to 20 day 
period after inoculation and that all negative sections came from eyes 
removed bejore or after this period. 

One eye from each of 3 rabbits injected with SFV and sacrificed at 
20 days was extracted for virus and SFV was recovered in log LDso 
titers of 1.25, 1.0, and 1.7, confirming the previous finding that SFV 
may persist in the eye for prolonged periods after the phase of maxi- 
mum multiplication has passed. The other eye of each of these rabbits 
contained mitotic figures in the outer nuclear layer of the retina. 
Mitosis and retinitis were produced by all four of the SFV mouse brain 
extracts used, but, in general, eyes showing the most mitotic figures 
showed the least retinitis and cells in mitosis appearing in a zone of 
retinitis, as depicted in Figure 6, were rare. The distribution of mitotic 
figures and retinitis within the retina was not uniform and both fea- 
tures were found in all regions of the retina from the optic nerve to the 
ora serrata. 

Since SFV mouse brain extract in the higher dilutions produces 
greater multiplication of SFV in the eye, it was felt that more extensive 
histologic changes might be produced if rabbits injected with more 
dilute inocula were sacrificed at the prolonged intervals used in the 
preceding experiment. 

Experiment 3. Both eyes of a group of 13 adult rabbits were inoculated with a 
1078-8 dilution of SFV mouse brain extract which had an LDzgpo titer in mice of log 
7.0, and both eyes of 5 adult rabbits were injected with a 10~*-® dilution of normal 
mouse brain extract. The brains of all SFV inoculated rabbits in this experiment 
were removed and fixed for histologic study when it became apparent that this 
inoculation consistently produced encephalitis. The animals were to have been sacri- 
ficed at intervals after inoculation corresponding with those in the previous experi- 
ment; however, due to the encephalitis, all animals became clinically ill 10 to 15 
days after inoculation. None could be maintained beyond the 20-day period and the 
3 rabbits sacrificed at 15 to 20 days had been kept alive by artificial feeding. Five 
rabbits died before suitable material for study could be obtained. The histologic 
study was based on 112 sections from 13 eyes and 43 sections from 5 brains of 


rabbits injected intraocularly with SFV. Control material included 68 sections from 
4 eyes injected with normal mouse brain extract. 


The eye findings in this experiment are summarized in Table ITI. 
Both mitosis and retinitis were present in the SFV infected eyes. Of 
further interest was the finding of cells in mitosis in brain and optic 
nerve material similar to those observed in the retina. Unfortunately, 
a careful study of these tissues revealed only four such cells. Two 
cells, illustrated in Figures 6 and 7, showed the scattering of the 
chromosomes seen in so many of the cells in mitosis in the retina (com- 
pare Figs. 2, 3, and 4). The two other mitotic figures found in the 
brain showed an apparently normal metaphase pattern very similar to 
that in some retinal cells. There is no doubt that these patterns repre- 
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sented mitotic figures rather than nuclear degeneration. The uniform- 
. ity in staining and the rod shape of the chromosomes differentiated 
them from the globular particles of various sizes characteristic of 
degenerating nuclei. The large size of the metaphase plate and the 
scattering of the chromosomes distinguished them from normal mitotic 
figures. Sections of the eyes and brains in experiments 2 and 3 revealed 
normal mitosis in all phases in some cells of the corneal epithelium, the 
vascular endothelium, and in microglia. It is apparent that SFV did 
not affect the mitotic process in cells which normally show this type 
of division. One of the cells in the brain containing an abnormal 
mitotic pattern was attached to a small vessel by a typical “sucker 
Taste III 


Incidence of Retinit's and Retinal Mitosis in Rabbit Eyes Injected with Dilute 
(10-8 Dii..tion) Semliki Forest Virus Mouse Brain Extracts 


Day of Number Number 

sacrifice of of Cells Retinitis 
after eyes sections Retinitis in and/or 
inoculation examined examined* mitosis mitosist 

10 I 10 1/1 1/1 1/t 

+ 2 24 o/2 1/2 1/2 

13 4 32 1/4 0/4 1/4 

15 2 16 1/2 o/2 1/2 

4 1/4 o/4 1/4 


* Sections cut at 6 mu. 

t For explanation of this column, see text. 

¢ All experimental animals in this group were dead or moribund 20 days after inocu- 
pon ne Rabbits injected with this dilution of SFV could not be kept alive beyond this 
foot” and was therefore considered to be an astrocyte (Fig. 6). The 
other three cells could not be identified. Other than the cells in mitosis 
described, the histologic findings in the brain were characteristic of a 
severe virus encephalitis. There was a minimal mononuclear cell infil- 
tration of the meninges with focal neuronal necrosis and hemorrhage 
present throughout the brain. The failure of rabbits injected with the 
107° dilution of SFV mouse brain extracts to develop encephalitis 
previously was thought to be due to an optic nerve barrier to virus 
passage which appears in adult, as contrasted to newborn, animals.’ 
Since encephalitis does occur in adult rabbits after inoculation of 
higher dilutions of SFV, this explanation now seems unlikely and the 
occurrence of encephalitis may be related to the degree of interference 
with virus growth produced by the various dilutions of SFV extracts 
(Table I). 

The histologic findings in experiments 2 and 3 indicate that SFV 
does produce morphologic evidence of its growth in the adult rabbit 
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eye, and that these changes appear, not during the phase of maximum 
virus multiplication, but at later periods. Analysis of these sections 
shows that this virus attacks primarily the outer nuclear layer of the 
retina which may result in stimulation of these cells to mitosis, degen- 
eration of these cells, and progressive involvement of other retinal 
layers. After prolonged periods, healing occurs but gliosis does not 
appear and the damaged retinal cells are not replaced by other cellular 
elements. The initial and predominant effect of SFV on the outer 
nuclear layer of the retina strongly suggests that mitosis occurs in the 
rod and cone cells and the various unique characteristics of the cells 
in mitosis per se support this interpretation. The absence of gliosis 
and the disappearance of the rod and cone nuclei with the subsidence 
of the retinitis indicate that the mitotic figures do not occur in glial 
cells which have invaded this layer. The attempt of the rod and cone 
cells to divide, however, is an abortive one and degeneration occurs 
while the cell is in mitosis, thus producing a variety of atypical mitotic 
patterns. 


MorpnHotocic CHANGES INDUCED IN THE EYEs or NEWBORN 
RABBITS FOLLOWING INTRAOCULAR INJECTION oF SFV 


Previous experience indicates that the tissues of young animals are 
usually more susceptible to virus growth than are those of adult ani- 
mals and it seemed likely that SFV would produce morphologic 
changes in newborn rabbit eyes more striking than those obtained in 
the adult. Moreover, the retinas of newborn rabbits are not yet fully 
differentiated, and the outer nuclear layer normally contains visual 
cell precursors in mitosis. In view of the effects SFV has on the adult 
rod and cone cell, it was of interest to determine the effect of this 
virus on the normal division of these cells. 

Experiment 4. Nine 3-day-old rabbits were injected with 10o~%-°, 10-29, and 
ro~%-° dilutions of an SFV mouse brain extract which had a log LDzp titer in mice 
of 7.5, each dilution being inoculated into one eye oi 3 rabbits. Corresponding 
dilutions of a normal mouse brain extract were injected into the other eye of each 
animal. Four days afier inoculation 4 rabbits were dead and were discarded. The 
5 living animals, all of which showed signs of encephalitis, were sacrificed and the 
brains and eyes removed for study. The material examined included 30 sections 
from 5 SFV eyes, 30 séctions from 5 control eyes, and 30 sections from 5 brains. 

The retinas of the SFV infected eyes were focally disrupted, with 
cytolysis of most of the cells in all layers (Fig. 8). Edema and leuko- 
cytic exudation were widespread throughout the choroid, iris, and the 
ciliary body. The foci of retinal destruction were numerous and often 
confluent, but when discrete they measured 1 mm. or less in diameter. 
Normal mitotic activity was present in the visual cell precursors of 
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the undifferentiated parts of the retina. Control eye sections showed 
only a very slight polymorphonuclear leukocyte response in the vitre- 
ous. Sections of the brains revealed an extensive encephalitis without 
any unusual mitotic activity. The eyes of newborn rabbits thus ex- 
hibit a histologic response to SFV which appears more rapidly after 
inoculation and which involves more ocular tissue than is the case with 
SFV infections of the adult rabbit eye. The retinas of the newborn 
eyes, in general, showed several foci of the type described in every 
section whereas the adult reaction was present in only a few sections 
from less than one-third of the virus-infected eyes. Moreover, in the 
newborn rabbits all dilutions of SFV produced encephalitis and this 
occurred much more rapidly than in the adult animals. It is of interest 
that, despite the apparently marked susceptibility of the newborn eyes 
to intraocular injection of SFV and the severe and widespread en- 
cephalitis which subsequently developed, no histologic evidence was 
obtained that SFV passed from these brains or the inoculated eyes to 

infect the control eyes. This is in accord with observations made in 
adult animals indicating that virus injected into one eye does not cross 
over to infect the other eye. 


DISCUSSION 


The findings of greatest interest in these experiments are the cells 
in mitosis occurring in the outer nuclear layer of the adult rabbit 
retina at prolonged intervals after intraocular inoculation of Semliki 
Forest virus. The rod and cone cells, like all nerve cells, are thought 
never to exhibit mitosis after reaching maturity. Thus, the histologic 
findings in the present experiments have fundamental implications 
bearing on the question of the occurrence of mitosis in adult neurons.* 
The evidence that the cells in the outer nuclear layer which contain 
mitotic figures are the rod and cone cells may be summarized as fol- 
lows: (1) All but two of several hundred retinal mitotic figures were 
found in cells situated within the outer nuclear layer. The outer nuclear 
layer contains no nuclei except those of the rod and cone cells.'** 
(2) Processes emerging from the cells in mitosis pass to the inner nuclear 
layer in the same manner as do processes from rod and cone cells which 
are in the resting state. (3) The initial effect of SF V on the adult retina, 
other than the production of mitosis, is directed at the rod and cone cells, 
resulting in destruction of the outer nuclear layer, frequently without 


* Some writers have considered the rod and cone cells to be 1 ‘uro-epithelial rather than 
true nerve cells. In the light of recent investigations this terminology is no longer tenable. 
Recently, Polyak 13 reviewed the various aspects of this point and concluded: “both kinds 
of photoreceptors are true neurons, albeit somewhat modified according to the specific 
requirements of their function.” 
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apparent involvement of any other retinal elements. (4) SFV is a 
neurotropic virus and the stimulatory or destructive effects it would 
have as a result of its direct effect on cells would be expected princi- 
pally in nerve cells. Virus stimulation to mitosis as a stage in eventual 
cell destruction is well known.***-8 (5) The very large size of the cells 
in mitosis suggests that they are not glial cells which have invaded this 
layer. (6) No gliosis has been observed in any eyes in these experi- 
ments, including those which contained relatively large numbers of 
mitotic figures in the retina. (7) Invasive repair of damaged tissue by 
glial cells, none of which is in the resting state and in which mitosis is 
arrested in metaphase, has never been described and appears very 
unlikely. The most definitive method by which mitosis could be estab- 
lished as occurring in the visual cells would be to trace the process 
through all stages of division to the adult rod and cone cells. This is 
impossible in the present experiments due to the arrest in metaphase. 
It is true, then, that the foregoing evidence does not supply incon- 
trovertible proof that mitosis occurs in the rod and cone cells; how- 
ever, careful analysis of these sections on the basis described makes 
any other interpretation, in our opinion, very unlikely. 

The significance of the three cells in the brain and the one cell in 
the optic nerve sections which contained mitotic figures similar to 
those in the retina is not clear. It seems probable that SFV has in- 
duced mitosis in cells of these tissues which normally do not exhibit 
this response. If the cell in Figure 6 is actually an astrocyte, then it 
is of interest that mitosis has been induced in a cell which, after reach- 
ing maturity, divides by amitosis.°* SFV did not alter the mitotic 
reaction of cells which normally divide by mitosis. Thus, mitosis was 
present in some cells in the corneal epithelium, in the endothelium of 
blood vessels, in the undifferentiated retina of the newborn rabbit, and 
in microglia of the brain and optic nerve. In these cells all stages of 
normal mitotic patterns were found, indicating clearly that the effect 
of the SFV is not simply to halt mitotic activity. None of these mitotic 
figures had any resemblance to the large cells in mitosis in question. 
The explanation for the atypical patterns of mitosis in the present 
experiments now seems clear. Apparently, mitosis in the rod and cone 
cells may reach metaphase but there the normal division stops and 
patterns of degeneration appear. Comparison of mitosis in degenera- 

* The optic nerve is not a nerve in the usual sense and actually is comparable to the 
white matter of the brain. The supporting cells of the optic nerve are essentially the same 
as those of the brain and the fibrous astrocytes in this structure divide by amitosis when 
in the adult state.1’ The abnormal mitosis found in the optic nerve (Fig. 7), therefore, 


may occur in an astrocyte and may have the same significance as the mitosis in the cortical 
astrocyte in Figure 6. 
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ting germ cells of the rabbit ovary '* with the atypical mitosis in the 
retina reveals similarities both as to cell size and chromatin patterns. 
No definite indications were obtained that the rod and cone cells which 
contain mitotic figures ever completed cell division, and the occurrence 
of paired chromosomes scattered widely in abnormal patterns indicates 
that the mitotic process was interrupted before anaphase separation 
could be completed. 

The adult mammalian nerve cell, biologically speaking, is one of the 
most stable cellular elements which make up animal tissues. A large 
amount of experimental and clinical evidence indicates that once this 
cell is damaged sufficiently, regeneration never occurs. In the embry- 
onic state the neuroblast proliferates rapidly by mitosis, but once it 
assumes its adult condition, according to classical concepts, mitosis no 
longer occurs. There has been, however, increasing evidence that 
mitosis in adult mammalian nerve cells may occur in certain instances. 
After implantation of an irritant, mitosis has been reported in the 
nerve cells of the adult rabbit ’® and dog *° brain. Rand and Cour- 
ville ** have demonstrated multinucleated nerve cells in traumatized 
human brains which, they believed, indicated division of these adult 
cells by amitosis. However, the definitive identification of the cell type 
exhibiting mitosis in brain material is difficult, and the criticisms of 
Cajal ** and others is based on the possibility that mitosis in the mam- 
malian brains occurs in neuroglia rather than in nerve cells. The exper- 
imental production of mitosis in the eye has received little attention. 
Schreiber and Wengler ** produced mitotic figures in the outer nuclear 
and ganglion cell layers of the adult rabbit retina with the intraocular 
injection of Scharlach R in olive oil. These investigators found mitotic 
figures appearing in about 10 days, and present in eyes removed as 
long as 120 days after injection. Both normal and atypical mitotic figures 
were present and no definitive evidence was found that mitosis pro- 
ceeded to the formation of an adult cell. Mitotic figures were found in 
the ganglion cell and outer nuclear layers only and these authors con- 
cluded that their studies demonstrated mitosis in adult ganglion cells; 
they did not state whether they considered the cells in mitosis in the 
outer nuclear layer to be rod and cone cells. Focal retinitis, such as 
described in the present paper, was not observed. Sugita,”* in a partial 
repetition of these experiments with Scharlach R, was unable to con- 
firm the cellular reaction described by Schreiber and Wengler. No 
further experiments to produce mitosis in rabbit retinas have been 
reported. The paper by Schreiber and Wengler has been the subject 
of much controversy as it is one of the most convincing demonstrations 
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of mitosis induced in an adult nerve cell of an animal relatively far 
advanced in the phylogenetic scale. Since photographs were not in- 
cluded in their paper, the reaction as depicted in the drawings has been 
questioned.*® Later, Wertham and Wertham ** obtained some of the 
original sections and published photographs of the mitotic figures 
which confirmed the drawings. The lack of experimental confirmatory 
evidence after 40 years, however, still leaves these results somewhat 
in doubt. 

The similarity in the reactions produced by SFV and Scharlach R 
in the rabbit retina is very striking. The mitotic figures induced by 
the dye in the ganglion cells are morphologically very much like those 
in the rod and cone cells induced by SFV, and those found in the outer 
nuclear layer after injection of SFV and Scharlach R appear to be 
identical. Moreover, the cells in mitosis in the inner nuclear layer, 
which may represent mitosis in the bipolar cells of this layer induced 
by intraocular injection of SFV, are also similar to those found in the 
ganglion and rod and cone cells. From the data described by Schreiber 
and Wengler ** it seems likely that Scharlach R induced mitosis in both 
the ganglion cells and the rod and cone cells. The predominant effect 
of SFV, however, was on the rod and cone cells and only rarely on the 
bipolar cells. It may be noted that, although the resting stages of the 
rod and cone, the bipolar, and the ganglion cells are all morphologically 
different, these adult cells when exhibiting mitosis appear to be very 
similar. Two observations can be made which may clarify this. First, 
since all three cells are adult neurons, abnormal mitosis might be 
expected to occur in all three, and it might further be expected that 
abnormal mitosis in one cell type would be similar to abnormal mitosis 
in the other closely related cell types. Secondly, the embryonic origin 
of these three cell types is essentially the same,?’ and the common 
embryonic background of the three cell types may contribute further 
to the morphologic similarity of these adult cells when exhibiting 
mitosis. 

The relationship of mitosis to inflammation and degeneration often 
has been noted. That certain viruses such as vaccinia * and molluscum 
contagiosum ‘ stimulate cell proliferation as a stage in eventual cell 
destruction is well known and the ocular reaction to SFV provides a 
particularly clear-cut example of this. Mitosis apparently occurs when 
the destructive effect of SFV on the outer nuclear layer is minimal. In 
a more severe reaction these cells show degenerative changes, and be- 
yond this all degrees of destructive and degenerative reactions appear 
in the retina. It is probable that agents other than SFV could produce 


= 
2 


1078 OVERMAN AND DORTCH 


the mitotic reaction in the rabbit eye; one such agent, Scharlach R, 
has been discussed. Further study of experimentally produced mitosis 
in adult nerve cells is indicated. 

The histologic findings obtained in this study have been summarized 
in Table IV. The difference between the reaction to SFV of the adult 
and newborn eyes is mainly one of degree and of time. SFV in the 
newborn eyes tends to produce more widespread histologic changes 
than in the adult eyes and to involve more of the component tissues. 

Taste IV 


Summary of the Histologic Findings in the Eyes and Brains of Rabbits Inoculated 
Intraocularly with SFV Mouse Brain Extracts 


Number Day of 
of sacrifice A 
Inoculum rabbit after oO Histologic findings 
eyes inoculation rabbits 
SFV Widespread retinitis; edema and exuda- 
107! 5 4 3 tion in uveal tract; polymorphonu- 
through days clea: cells in vitreous; encephalitis 
SFV Non-specific, cyt« lysis and retinal edema 
107! 15 5-8 Adult rare; a few polymorphonuclear cells in 
through vitreous 
SFV Cells in mitosis in outer nuclear layer of 
107! 20 11-148 Adult the retina; focal and sharply demar- 
cated retinitis 
Cells in mitosis in outer nuclear layer of 
SFV the retina; focal retinitis; encephalitis 
1073 13 10-20 Adult with abnormal mitotic figures in the 
brain 


It is of interest that the response in the adult eyes occurs, not during 
the period of maximum virus multiplication, but a number of days 
later. If sections had not been made from eyes removed at the more 
prolonged intervals after inoculation, it would have appeared that 
SFV multiplies in the adult eye without producing apparent morpho- 
logic reaction. The further studies show, as might have been expected, 
that this neurotropic virus multiplies in the retina of both adult and 
newborn eyes. It is possible that some cytolysis does occur in the outer 
nuclear layer during the period of maximum virus multiplication but 
that, due to the very heavy nuclear population of this layer, significant 
destruction of cells does not become apparent until some days after 
the phase of most rapid virus growth. 


SUMMARY 


A study has been made of the morphologic changes induced by 
Semliki Forest virus following its inoculation into the eyes of adult 
and newborn rabbits. Growth of SFV in adult rabbit eyes produces 
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no discernible specific reaction in the ocular tissues during the period 
of maximum virus multiplication (5 to 8 days after inoculation), but 
at more prolonged intervals after inoculation mitosis in the visual cells 
and retinitis, primarily involving these cells, appear in SFV infected 
eyes. SFV infections of newborn rabbit eyes produce focal destruction 
of the retina with a mild generalized inflammatory response 4 days 
after inoculation of the virus. Encephalitis foilows intraocular inocu- 
lation of various dilutions of SFV in newborn rabbits, but in adult 
rabbits only the higher dilutions of SFV produce encephalitis following 
injection into the eye. 

The mitosis induced by SFV in the visual cells of the retina is char- 
acterized by arrest of this process in metaphase and the presence of 
many atypical and abnormal mitotic patterns. Several hundred cells in 
mitosis were studied in sections from virus infected eyes and all but 
two were in the outer nuclear layer of the retina, the layer composed 
of the nuclei of the visual cells. Stimulation of the visual cells to 
mitosis appears to be the initial effect of SFV on the retina and this 
may be followed by cytolysis of the visual cells only, or retinitis pro- 
gressively involving other layers of retinal neurons. The two cells in 
mitosis not in the outer nuclear layer were found in the inner nuclear 
layer and may represent mitosis induced in the bipolar cells of the 
retina. Four mitotic figures, similar to those in the retina and found in 
brains and optic nerves of SFV infected rabbits, may represent stimu- 
lation of adult astrocytes to mitosis, thus producing this reaction in a 
cell which normally divides by amitosis. These findings become sig- 
nificant in their bearing on the question of mitosis in adult nerve celis. 
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DESCRIPTION OF PLATES 


All sections were cut at 6 w and stained with hematoxylin and eosin. Photo- 
micrographs were made by Mr. Carl Bishop. 


PLATE 168 


Fic. 1. Section from an SFV infected adult rabbit eye removed 15 days after 
inoculation. A large cell in mitosis, measuring 13.2 by 35 p, rests on the outer 
limiting membrane of the retina. The annular arrangement of the metaphase 
chromosomes does not appear abnormal. A process can be traced from this 
cell in the outer nuclear layer to the inner nuclear layer. X 1182. 


Frc. 2. The cells in mitosis in this photomicrograph are located a few millimeters 
from that in Figure 1. A large cell in mitosis in the upper part of the field 
occupies the inner part of the outer nuclear layer and sends a process into the 
inner nuclear layer. The paired chromosomes are scattered abnormally. Below 
it, in the outer portion of the outer nuclear layer, another cell in mitosis 
(indicated by the arrow) is seen lying in a deeper optical plane. X 1182. 


Fic. 3. Section from an adult rabbit eye injected with SFV and removed 42 days 
after inoculation. A large cell in mitosis rests on the outer limiting membrane 
of the retina. The paired chromosomes are clustered abnormally in the center 
of the cell. X 1182. 
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PLATE 169 


Fic. 4. Section from an adult rabbit eye removed 20 days after inoculation with 


Fic. 


FIc. 


FIc. 


Fic. 


SFV. This area of the retina contains four mitotic figures in the outer nuclear 
layer, indicated by the arrows. One cell in mitosis, the second from the right, 
is not clearly shown and is represented in this photomicrograph as a clear 
space in the outer nuclear layer. The other cells in mitosis exhibit abnormal 
arrangements of the chromosomes. X 485. 


5. A zone of retinitis in an adult rabbit eye removed 13 days after injection 
with SFV. Retinal destruction is too extensive to identify the various layers 
but a large cell in mitosis is seen just below the internal limiting membrane. 
The chromosomes have just begun to separate from a typical metaphase plate. 
This is the only cell in which such an advanced stage of mitosis was found. 
X 795- 

6. An astrocyte containing chromosomes scattered at random throughout the 
cytoplasm. This section was taken from the cerebral cortex of an adult rabbit 
injected intraocularly with SFV and sacrificed 11 days after inoculation. A 
typical “sucker foot” can be traced from this cell to a small blood vessel on its 
left. 854. 


7. A mitotic figure showing scattering of the chromosomes in a cell in the 
optic papilla from the eye of an adult rabbit sacrificed 134 days after intra- 
ocular injection of SFV. This cell is probably an astrocyte. X 1182. 


8. Section from the eye of a newborn rabbit injected with SFV and removed 
4 days after inoculation. The normal undifferentiated retina on the extreme 
left contrasts with the sharp]: demarcated focus of retinal destruction. In the 
center the ganglion cell layer is still intact but on the right cytolysis has de- 
pleted all layers. Except for a large macrophage, leukocytic exudation is absent 
in the area of extensive cytolysis. X 485. 
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EXPERIMENTAL TRANSMISSION OF CUTANEOUS PAPILLOMA 
OF THE HORSE * 


R. H. Coox, D.V.M., and Cart Orson, Jr., D.V.M. 
(From the Department of Animal Pathology and Hygiene, University of Nebraska, 
Lincoln, Nebr.) 

Cutaneous papillomas or common warts have been described as 
benign epithelial tumors.’ They have been reported most frequently 
in man, cattle, dogs, and rabbits. Virus-induced papillomas have been 
reported in various species.?* Kinsley * found the skin of the legs and 
lips to be the common locations in the horse. Cadeac * succeeded in 
transmitting a skin papilloma from one horse to another by applying 
the ground papillomatous material to a scarified area of the neck. 
Hagan ® stated that papillomas are, as a rule, confined to the species 
of animal in which they originate and there seems to be a considerable 
measure of species specificity. Goldberg *° considered papillomas to be 
the most common of all epithelial tumors, although Feldman ™ has 
reported them to be less common than malignant forms. According to 
Willis,’* infective overgrowths, such as warts, are not true tumors. A 
study of a number of spontaneous and experimentally induced papil- 
lomas in horses constitutes the basis for this report. 


Report or CASES 


Equine cutaneous papilloma is a disease of horses 1 to 2 years old. 
The papillomas or warts commonly appear on the nose and about the 
lips as small, elevated, circumscribed, horny masses from 2 to 10 mm. 
in diameter. They may number from two or three to as many as 100 
or more, covering the entire muzzle. Occasionally, when only a few 
warts develop, they reach a diameter of 15 to 20 mm. In the horse 
these warts are apparently of little economic concern. They cause the 
animal little inconvenience and disappear without leaving scars. Equine 
cutaneous papilloma has been enzootic in young horses raised at the 
University of Nebraska for several years. Four cases typical of the 
disease are described here. 

Case r. The subject was a yearling quarter horse colt. Five small papillomas 
were found on the nose on July 10, 1948. They slowly increased in size until 60 


days later they formed one mass about 15 mm. in diameter. Many smaller growths 
were present also (Figs. 1 and 2). During the next 3 weeks there was no change in 


* Published with the approval of the Director as paper No. 531, Journal Series, Nebraska 
Agricultural Experiment Station. This investigation was supported in part by a research 
grant from the National Cancer Institute of the National Institutes of Health, Public Health 
Service, Bethesda, Md. 

Received for publication, March 3, 1951. 
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the size of the papillomas. However, during the following week they regressed and 
practically disappeared. There was no recurrence. 


Case 2. Papillomas were found on the nose of an 18-months-old quarter horse 
on February 1, 1949. These grew slowly for 1 month and then rapidly for 3 weeks, 
reaching a diameter of 10 to 12 mm. Soon after reaching maximum size, regression 
was evident and all papillomas were gone by May 1, 1949. There was no recurrence. 


Case 3. During the last week of September, 1948, several small, scattered 
papillomas were observed on the nose of a yearling Morgan filly. During the next 
2 weeks, warts, 2 to 3 mm. in diameter, had developed over the entire muzzle. They 
remained for 1 month before there was evidence of regression. During the next 
month the papillomas disappeared. 


Case 4. Seven small, scattered papillomas were noted around the nostrils of a © 
2-year-old Belgian mare on March 15, 1949. By April 1, two of the papillomas had 
coalesced to make a mass 8 by 12 mm. in diameter. No other papillomas appeared, 
but those present grew until May 3, when the smaller ones measured 2 to 3 mm. 
and the large clump 15 by 20 mm. in diameter. Regression began about the middle 
of June and 1 month later only a trace of the larger clump remained. 


EXPERIMENTAL TRANSMISSION 


A series of experiments was set up to determine the nature and 
some of the properties of the causative agent of equine papilloma. 
Transmissibility, resistance to heat, activity after various storage con- 
ditions, and the susceptibility of foreign hosts were investigated. 

Papillomas used for experimental transmission were cleansed with 
70 per cent ethanol and allowed to dry before being removed with 
scissors. They were ground to a suspension, using approximately 
15 cc. of saline solution to each gm. of papilloma. The ground suspen- 
sion was then centrifuged at a force of about 2400 X gravity to separate 
the coarse particles. Bacteria-free filtrates were made by filtering the 
supernatant fluid through Mandler filters (10 lb. test) at a negative 
pressure of 18 cm. of Hg. These filtrates proved to be bacteriologically 
sterile when cultured in tryptose broth. The sediment was diluted with 
saline solution to make the original volume. These three preparations 
(resuspended sediment, supernatant fluid, and filtrate) were the in- 
ocula used in the experiments. 

Inoculation sites on the necks of the animals were prepared by shav- 
ing an area 2.5 cm. square for each inoculation. The skin was then 
cleansed with ethanol. Four methods of exposure were used. Intact 
skin exposure consisted of placing a drop of inoculum on the area 
which was then massaged with the rounded tip of a glass rod, and 
covered with adhesive tape to prevent immediate loss of the inoculum. 
Scarified skin exposures were similar except that small areas 2 to 3 mm. 
square were scarified with a hypodermic needle until serum exuded 
before applying the inoculum which was then rubbed in. For intra- 
dermal and subcutaneous exposures 0.05 to 0.10 cc. of inoculum was 
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injected into or under the skin as was desired. All inoculations were 
made in duplicate. 
RESULTS 


Sixteen horses were exposed to equine cutaneous papillcma, 14 as 
shown in Text-figure 1. Horse 6, a 2-year-old mare raised at the Uni- 
versity of Nebraska, was naturally infected with equine cutaneous 


DIAGRAM OF ANIMAL PASSAGES OF EQUINE CUTANEOUS PAPILLOMA 
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Text-figure 1. Diagram illustrating the pattern of exposures in the transmission experi- 
ments. The circles represent horses which are numbered 1 to 14. A plus sign in the circle 


indicates that papillomas developed. The inocula used are indicated on the lines leading 
from the donor to the recipient. 


papilloma (Fig. 3). One of the papillomas was removed and super- 
natant fluid, resuspended sediment, and bacteriologically sterile filtrate 
inocula-were prepared as described. Seven horses were exposed with 
these inocula. Horses 1 to 6 inclusive were exposed with supernatant 
fluid and resuspended sediment intradermally, subcutaneously, on scari- 
fied skin, and on intact skin. Horses 7 and 8 were exposed with the 
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referred to as strain UN. The other inoculum was made from a papil- 
loma growing on a yearling colt owned by a farmer. This will be 
referred to later as strain Folsom. Horse 15 was resistant to both in- 
ocula and no papillomas deveioped. Two weeks after inoculation a few 
papillomas developed on the nose of horse 16. These were probably 
from the previous exposure to the infected colt. No papillomas re- 
sulted from the inoculum from the colt to which horse 16 had been 
exposed (UN strain), but 58 days after exposure to the Folsom 
strain, small papillomas were present at the inocula*’ 1 sites. These 
papillomas remained for 2 months and then regress «i . hile the spon- 
taneous papillomas were still present on the nose. ‘1ue UN strain of 
papilloma may not have contained the causative agent when it was 
harvested or the horses may have been resistant to it. If the latter 
is true, there may be an immunologic difference in the strains of equine 
cutaneous papilloma, as horse 16 was susceptible to the Folsom strain. 

Activity of the causative agent was tested in other species using 
6 calves, 4 lambs, 3 dogs, 4 rabbits, and 4 guinea-pigs. These were 
exposed to supernatant fluid inocula that were active in susceptible 
horses. The calves and lambs were exposed intradermally and on 
scarified skin of the neck. The rabbits and guinea-pigs were similarly 
exposed on the skin of the abdomen. The dogs were exposed itra- 
dermally on the neck and on scarified oral mucous membrane. These 
animals were observed frequently for a period of 5 months but no 
reaction was found at the exposed sites. 


Histopathologic Findings 


The papillomas consisted principally of hyperplastic epithelium sup- 
ported on a vascular connective tissue framework. There was elonga- 
tion of the dermal papillae. Mitotic figures were most frequent in the 
basal layer of epithelial cells (Fig. 5). There was marked acanthosis 
or thickening of the prickle cell layer. Sometimes there was prolifera- 
tion of epithelium about the hair shaft and hair follicles. Generally, 
the granular layer was thinned and narrower than normal. Nuclei 
were retained in the stratum corneum, which was thicker than in 
normal skin. There were areas in nearly every section, usually in the 
outer portion of the prickle cell layer, where there was degeneration 
of epithelial cells. These degenerated cells were swollen, the cytoplasm 
clear (perhaps vacuolated) as in so-called balloon degeneration. Spheri- 
cal basic staining granules of variable size were present in the cyto- 
plasm of these cells (Fig. 6). These granules may be inclusion bodies 
of a virus disease.* Occasionally the corium underlying the papillomas 
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was infiltrated with lymphocytes, histiocytes, and polymorphonuciear 
leukocytes. A mild fibrosis was associated with the cellular infiltration 
in some instances. 

Discussion 


Several similarities as well as differences were found in comparing 
equine cutaneous papilloma with infective papillomas reported by 
other workers (Table I). Equine cutaneous papilloma usually is con- 
fined to the skin of the nose and lips, while cutaneous papillomas of 
the bovine and rabbit may appear on any part of the body.” Oral 
papillomas of the dog and rabbit are confined to the oral mucosa.** 
Infectious papillomas occur principally in young animals, although 
oral and cutaneous papillomas may be found in mature rabbits.®* 

Filtration seemed to reduce the activity of the causative agent of 
equine cutaneous papilloma, as larger papillomas were produced with 
supernatant fluid than with filtrates. Creech? found that filtration 
reduced the activity of ground bovine papilloma suspensions while 
Shope ° reported that filtration seemed to prolong the incubation period 
of the cutaneous papilloma when wild rabbits were inoculated, although 
it often shortened the incubation period in domestic rabbits. 

An experimental infection with equine cutaneous papilloma appar- 
ently produces immunity against another experimental infection 
(horse 1). However, one horse (no. 10) developed a natural infection 
while papillomas from two previous experimental infections were still 
evident. At this time the horse was resistant to a third experimental 
exposure with known active inoculum. Kidd, Beard, and Rous ** found 
the immunity produced in rabbits infected with cutaneous papillomas 
to be directly proportional to the amount of papillomatous tissue pro- 
duced. Natural infection with equine cutaneous papilloma was asso- 
ciated with many more papillomas than experimental infections. Perhaps 
under these conditions more immunity was developed in the horses with 
the greater number of papillomas. 


SUMMARY 


Equine cutaneous papilloma is an infectious disease normally con- 
fined to the skin of the nose and lips. Susceptible horses were infected 
by inoculating the skin of the neck with suspensions of ground papil- 
lomatous tissue and with bacteriologically sterile filtrates made from 
these suspensions. 

The active agent was not affected when held at a temperature of 
45° C. for 30 minutes but was rendered non-infectious when held at 
55° C.and 65° C. This agent remained active for 73 days when stored 
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in 50 per cent glycerol at 4° C., but was inactive after 112 days. In 
a suspension frozen at —35° C., the causative agent remained active 
for 185 days, but not for 224 days. 

Some degree of immunity seems to be produced by experimental 
infections. Natural infections induce solid immunity. 

Six calves, 4 lambs, 3 dogs, 4 rabbits, and 4 guinea-pigs were re- 
sistant to inoculations with known active suspensions of equine cutane- 
ous papilloma. 
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DESCRIPTION OF PLATE 


PLATE 170 


1. Cutaneous equine papilloma, case 1. Photograph taken 60 days after lesions 
were first noted. The variation in size and also coalescence of small papillomas 
into larger masses are evident. 


2. Side view of case 1 showing small papillomas at corner of mouth and on 
chin. 


3. A natural case of equine cutaneous papilloma. The large papilloma to the 
left of the median line was used to make inocula for the original series of 
transmissions. The papillomas had been present about 3 months at the time 
the photograph was made. 


. 4. These papillomas, on the neck of horse 1, resulted from intradermal injec- 


tion of a supernatant fluid inoculum prepared from the large papilloma shown 
in Figure 3. The photograph was made 87 days after the animal was exposed 
and 20 days after the papillomas were first apparent. 


5. Section of papilloma shown in Figure 4. The field includes epithelial cells 
adjacent to a dermal papilla. Mitotic figures are evident in the basal cells. 
X 450. 


6. A cross section of the prickle cell area of a papilloma ir, Figure 4. Gran- 
ules of varying size may be noted in the clear cytoplasm of some swollen epi- 
thelial cells. These may be “inclusion bodies” of a virus. X 450. 
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